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ABSTRACT 


An automated procedure for determining warping and torsional stresses 
in open steel members was developed by Joseph Palacak, Jr. in 1985. His 
“FORTRAN program, called "TORSION", determined stresses in wide flange, 
channel, and single angle members under various longitudinal'bending and 
torsional loadings. | 

In order to validate the "TORSION" program, twelve test cases were run 
and compared to the same cases anaiyzed using a commoniy used manual 
technique. For tnis manual technique, tne Torsional Analysis Case Charts 
developed by Bethlehem Steel were used to compute warping and-.torsional 
stresses. Tables comparing . the calculated stresses by the "TORSION" 
program and the torsion tables were developed. 

In addition, stress values from the hand-calculated problems were 
compared to values’ from GTSTRUDL output. Comparison tables between 


GTSTRUDL and the hand-calculated values are also presented. 
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Chapter One 


INTRODUCTION 


1.1 Purpose and Objectives 

The purpose of this report i to validate a FORTRAN based computer 
program that analyzes warping and torsion in open steel members. The 
eeieceiye is to verify the program "TORSION" by comparing the program's 
output with hand-calculations that were derived using an ceuebente and 
proven method of torsional and warping stress analysis. The primary 
requirement to ‘complete tne hand-calculations was to determine the 
torsional rotational angle, ff, and its derivatives, #', §'' and Gta, 


‘ t 


These values were determined by using the Torsional Analysis Case Charts 
ae 


developed by Bethlehem Steel. 


1.2 Scope 

In order to validate the torsional and warping stress analysis 
program, "TORSION", test problems were used that contained tre same 
parameter limits that "TORSION" had. These limits included the types of 


open steel members, the types of torsional and plane bending toads applied 


to the member, and the end conditions of the member. "TORSION" anaivzed 
three types of open steel members: (1) wide flange sections, (2) channels 
and (3) single angies. The end condition parameter included any 


combination of fixed, pinned or free end conditions. The "TORSION" member 
load parameter included both uniformly distributed and concentrated piane 
bending and torsicnal loads. The Bethlehem Steel Torsional Analysis Case 
Charts also included the member ‘oad parameter of a iineariy varving 


distributed torque, which was not a load parameter of "TORSION". 








1.3 Background 


Open steel members are subjected to plane bending stresses, torsional 
and warping stresses or a combination of both. Under plane bending, a 
member's cross section is subjected to (1) longitudinal/normal bending 
stress and (2) shear stress. 


The normal bending stress (0, ) is determined by the formula: 
O.zrM/S (Equ. i.1) 
1 


where M = bending moment acting on the member's 
cross section (k-in.} 
S =. section modulus of the member (in.3) 
The shear stress ( (, ) on the member's cross section is determined by 


the formula: ! 
CT zVas tt (Equ. 1.2) 


where V = shear force acting piv the member's 
cross section (k) 
Q = The statical moment about the cross section's neutral axis 
of the cross-sectional area between the free ends and a 
plane cutting the cross section at a specified point {in.3) 
I = moment of inertia of the member (in.4)} 


t = thickness of the member's web or flange {in.) 


Figure l illustrates the plane bending and shear stresses in an open 


steel cross-section. 








(a) ‘Bending Stresses (0,) 


i oe Flange 








(b) Shear: Stresses (7,) 


Figure 1. PLANE BENDING STRESSES 








_~+ Open steel members that are under torsional loadings are subjected to 


(1) pure torsional shear stresses, (2) warping normal stresses and (3) 
warping shear stresses. The torsional moment of resistance of an open 
steel menber is a combination of St. Venant's torsional moment for an 
unrestrained cross-section and warping torsional moment of a restrained 
cross-section. 


- The pure torsional shear stress ( (+) is determined by the formula: 
T+2 6 t $ (Equ. 1.3) 


where G = shear modulus of the member (ksi) 


t 


thickness of the member's flange or web {in.) 
d' = first derivative of the member's torsional angle 


of rotation 
The warping normal stress (C) is determined by the formula: 
Ow = & Was 0" (Equ. 1.4) 
where E = modulus of elasticity of member (ksi} 
Wns = normalized warping function on the member's 
cross section {in.2) 


J'' = second derivative of the member's torsional 


angle of rotation 
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ihe warping sheer stress (fy) iecdeternined ay the termes 
Cog ( -E Swe Pty 7 t boots. ao 


where —€ = modulus of elasticity of member (ksi) 


Sws = warping statical moment on the member's 


g''' = third derivative of member's tersiona? 
angle of rotation 


Figure 2 illustrates the torsional -and warging stresses im are 


p a eae 
steel member cross-section. : 

The end conditions used in the torsicnal and warping shear analysis 
include fixed, pinned and free end conditions. In the fixed and condition, 


all rotation and warping of the member's flanges or web is prohibited, and 


is similar to the fixed end condition used in plane benadins. In the pinned 


end condition, the member's end is allowed to ‘freely w 


a) 
4 
Ww 
I 
3 
z 
) 
) 
3 
a 


the pinned end condition used in plane bending, the torsional sinned end 
condition does not aliow tne member to rotate. in the fren end 


the member's end is allowed to rotate and warp freely. 


a 

















Warping Normal Stress (¢,,) 


Torsional Shear Stress ( 


Warping Shear Stress (T.) 


Figure 2. TORSIONAL AND WARPING STRESSES 
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Chapter Twe 


DEVELOPMENT OF HAND-CALCULATED TEST PROBLEMS 


2.1 General 

Twelve test problems were used to validate the "TORSTEN program. 
_ These twelve problems were analyzed for plane bending stresses as weil as 
the torsional and warping stresses. wnand-calcuiations were performed by 

; 

first determining the values of the rotation angles and their derivatives 
through the Bethlehem Steel Torsional Analysis Case Onarés. After these 
values were determined, the various stresses were calculated “USING 


Equations 1.1 through 1.5. 


The twelve test problems used were as follows: 


Problem No. Beam Selected End Conditions 
1 W14x109 Fixed-Free 
2 W14xi59 Pinned-Fixed 
3 W12x%79 Pinned-Pinned 
4 W14x90 Fixed-Fixed 
5 W8x15 Fixed-Free 
6 W10x49 Fixed-Free 
7 W6x15 Fixed-Fres 
8 W8x67 Fixed-Frer 
9 C10x20 Fixed-Free 
10 C12x30 Fixed-Free 
il C5x9 Fixed-Free 
12 MC18x42 Fixed-Free 


sd 





Although "TORSION" performed torsional shear analysis on sagas angle 
members, these member types could not be properly validated by hand due to 
limitations in using the Torsional Analysis Case Charts and in the 
"TORSION" program output printout for single angle member cases. These 
limitations are further discussed in later chapters. 

Each test problem consisted of either a wide flange member or channel 
‘member under various plane bending and/or torsional ioads. The various 
bending and torsional stresses were calculated at several Key Ipcations 
along the beam's length, as well as at various key points within the beam! s 
cross-section. 

For each specified location along the beam's jength, there were six 
items that were calculated for each test problem: (1} vaiues off, guy Ave 
and f''', (2) plane bending stress (Oj), (3) web and flange shear 
( Tow and Tug), (4) torsional shear stresses at the web and flange { (i, and 
Cee }» (5) warping normal stresses at the flange tips (Gw )}, and (6) 
warping shear stresses at the Tlange centers (Tye) 


Hand-calculations for each problem are shown in Appendix A. 


2.2 Torsional Analysis Case Charts 

The Torsional Analysis Case Charts developed by Bethlehem Steel were 
used to determine the values of §, f', 4@'' and @''' for each oraodten. 
Although the charts consist of twenty-six various cases with various 
torsional load types and end conditions, thirteen of the charts were used 
for the twelve test problems based on the selected loadings and end 
conditions. The charts are based on four parameters: (1) type of 
torsional load, (2) end conditions, (3) location along the member's length 


(shown in the charts as Fraction of Span Length Z/L), and /4) the ratic of 








the member's overall length (L) to the member's torsional constant ( a = 
fECw/Gd ). This L/a ratio is the actual curved lines on each chart. 

For each chart, the x-axis represents the Fraction of Span Length 
(Z/L) and the y-axis represents the torsional function value that will be 
used to determine the actual values of ff, $', fii and grey The L/a ratio 
is one of the Jimiting factors when using the charts. Depending on the 
particular chart being used, the L/a ratio chart curves are shown for L/A 
values of 0.5, 1.0, 2.0, 3.0, 4.0 and 6.0. Interpolation can be performs 
for an L/a value that is between two of the curves. However, there can be 
no accurate interpolation for an L/a value greater than 6.0 since this is 
the last curve depicted on the charts. Since "L" and "a" are both 
dimensions and properties of the beam used, member length and type are 
governing factors in selecting a beam whose L/a ratio is 6.0 or fess. 

Due to the L/a ratio limitation of the charts, few single angle 
members could be used. Because the torsional constant “a” 1s so smal! for 
single angles, these members could only have a length of a few inches in 
order to remain within the L/a ratio curves on the charts. 

The actual Case Charts used for the test problems are shown in 
Appendix B. Listed on each Case Chart is the specific test problem(s) for 


which it was used. 


2.3 Determination of Plane Bending, Torsional and Warping Stresses 


The determination of plane bending stresses on the member is made by 
analyzing the plane bending and shear forces acting on the member. Shear 
and moment diagrams are established illustrating the magnitude of these 
forces at various locations along the beam's length. Equations 1.1 and 1.2 


are then used to calculate the plane bending stresses and the shear 








stresses in the member's web and flanges. These plane bending and shear 
stresses were calculated at the points on the extreme fibers of the flange 
tips and flange/web connection. These calculation points are shown as 
points 0 and 2 on the wide-flange cross-section, and points 9, 1 and 2 on 
the channel cross-sections. 

The determination of torsional and warping stresses on the member is 
made by analyzing each torsional load that is applied to the member. A 
separate and specific Torsional Analysis Case Chart is selected for each 
individual torsional load to determine the values of @, #', @'' ad geet 
After these values are calculated for each torsional load, they are summed 
up to determine the overall values at each specified location along the 
member's length. These summed values of $, @', @'' and 6°!" are ‘then used 
in Equations 1.3, 1.4 and 1.5 to calculate the torsional and warping 
stresses in the member's flange and/or web. However, the torsional and 
warping stresses were calculated at the mid-thickness of the flange tips 
and flange/web connection. Unlike the plane bending stresses that were 
calculated at the extreme fibers of the member's cross-section, these 
torsional and warping stresses were calculated at point differed by one- 
half the flange thickness. Figure 3 illustrates this offset difference. 

In summing up the plane bending stresses with the torsional and 
warping stresses, this differance between the points of calculation were 
not taken into account. The ‘differences in the calculation points from 
the cross-section's neutral axis caused by the one-half flange thickness 
offset was approximately 3.9% to 10.0% for the twelve test problem beams. 
By not including this offset in the stress calculation summations, some 
percent differences resulted between the hand-calculated results and the 


"TORSION" program results. 
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\ 
a. Points of calculation on flange 
for Plane Bending stresses. 
(extreme fibers of flange) 


. b. Points of calculation on flange 
for Torsional and Warping stresses. 
(mid-thickness of flange) 


Figure 3. OFFSET DIFFERENCES FOR POINTS OF 
STRESS CALCULATION 
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The points of calculation for the stresses in the member's web, shown 
as point 3 on the cross-section, were the same for both plane bending and 
torsional and warping stresses. Therefore, there were no. additicnal 
differences between the hand-calculations and the program for sdoint 3. 

The twelve test problems shown in Appendix A iilustrate the unique 
aspects of each case, and show how the Torsional Analysis Case Charts are 
_-used in combination with one another to determine the appropriate torsional 


values under various torsional load conditions. ' 


%e 


be 


Chapter Three 


"TORSION" PROGRAM FOR STRESS ANALYSIS 


3.1 General 

The torsional stress analysis program "TORSION" required that input 
files for each test problem to be run be established indicating the various 
waruneare: properties, dimensions, end conditions, locations aiong the 
member length to be examined, load types and load magnitudes applied to the 
selected Abner: 

The program al-so had three general requirements/assumptions that the 
user needed to be aware of: (1) all units are in kips and inches, (2} 
there is a positive upward and to the left sign convention and (3) ail 
loads are applied at the shear center of each member, and therefore, a non- 
torsional load cannot induce torsional stresses. Due to the third 
requirement/assumption, the program "TORSION" does not account — the 
additional torsional load on a channel's cross-section caused by the 
eccentricity between the point of load application on the cross-section's 
centroid and the shear center. 

The boundary conditions for "TORSION" consisted of fixed, pinned or 
free end conditions or any combination thereof. Similar to the Torsiona} 
Analysis Case Charts, the fixed condition prevented both rotation and 
warping of the member's end and the pinned end condition prevented end 
rotation but allowed for warping. 

Prior to using the "TORSION" program, the source program file had to 
be re-compiled on an IBM computer using a FORTRAN compiler that different 


than that used by "TORSION's" original author. 
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3.2 Input and Output Files 
An input file for "TORSION" was established for each of the twelve 


test | problems. "TORSION" output files listed the various parameters, 
forces, properties and dimensions for the beam selected, as weil as the 
sections along the member's length that were to be analyzed. 

For each torsional loading, the values of §, §', g'' and @''' were 
* calculated and listed. Normal and torsional stresses at various points of 
the member's cross-section were listed for all plane bending and torsional 
loadings as well as the combined bending/torsional loadings. Aithough the 
stresses were calculated with the summation of all torsional joadings, the 
values of 4d, y, f'' and @''' were only listed for each individual 
torsional loading, and had to be summed up by hand. “4 

A eoriete list of each input rive and "TORSION" output printout for 


the twelve test problems are shown in Appendix C. 
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Chapter Four 


COMPARISON OF "TORSION" PROGRAM AND HAND-CALCULATED STRESS RESULTS 


4,1 General 

Comparison tables of the varicus results acquired threugh the 
_"TORSTON" program and hand-caiculations were established to cetermire tne 
percent differences between the two analysis methods. 
in both the plane bending stresses, torsional and warping teens were 
calculated and tabulated for eacn itiest problem. Since the torsional and 
warping stresses. dre directly correlated to g', gre and @''' {€quations 
1.3, 1.4 and 1.5}, comparison tables of the torsional angie, of rotation and 
its derivatives are also shown. . 

4.2 "TORSION"/Hand-Calculation 0, 0', O'', O''' Comparison Tabtes 

Tables 4.1 through 4.8 iliustrate the Phi angte/derivatives comparison 
for wide-flange sections. The percent differences calculated range from 0% 
to 24.56%. Although most differences are within 15%, there ere random 
differences that are higher. 

Tables 4,.9a through 4.12b illustrate the Pai angle/derivatives 
comparison for channel sections. These percent differences range from 0% 
to 52.96%. Although most differences are within i5%, there are random 
differences that are higher. 

Since the values of #@, @', 9$'' and §''' were derived through 
interpolation of the Torsional Analysis Case Charts, errors oN 
interpolating the exact value from the L/a ratio curve did contribute to 
the percent differences. In additior, Tables 4.9a, 4.%b, 4.122 and 4.22b 


illustrate the significant percent differences in J, #', f° and @°' that 


i 
ar 





PHI ANGLE..AND- DERIVATIVES 
COMPARISON TABLE 


Problem No.: 1 
Beam Selected: W14x1l09 
End Conditions: Fixed-Free 
Length (inches): 300 





At Support (0 in): : .- 


Phi 0 0 o% 
Phi'' 1.15753x10-5 1.14363x1i0-5 1.20% 
Phi' 0 0 0% 
Phi't! ~1.74761xi0-7 -1.75000x10-7 O.14% 
At .7L (210 in): 
Phi 090238. 9912537 Lathe 
Phi'! -~3.45695x10-6 ~3.41456x10-6 1.23% 
Phi! . 3.79325x10-4 0003906 2.89% 
Phi''! -3.36750x10-8 -3.12564x10-8 © 7.19% 
At Free End (300 in): 
Phi 115666 .1163885 0.62% 
Phi't! 4.04x10-11 = "0" 0 0x 
Phi' 00023662 ~ 000202459 14.44% 
Phi''! 3.21707x10-8 2.7502x10-8 14.51% 


Table 4.1:- PHI ANGLE/DERIVATIVES, PROBLEM 1 
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PHI ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: 2 
Beam Selected: W14x159 
End Conditions: Pinned-Fixed 
Length (inches): 432 


At Pinned Support (0 in): 
Phi ‘ 0 0 of 
Phi’! 4.2778x10-13 = "0" 0 02 
Phi! , -13633x10-3 -123196x10-3 9.63% 
Pha -.16323x10-7 -.165058x10-7 1.2% 
At .25L (108 in): 
Phi .012334 .010649 13.66% 
Phi'' - .86267x10-6 ~.84551x10-6 1.98% 
Phi! -77173x10-4 6.92979x10-6 © 10.20% 
Phil?! -.28600x10-8 -3.30116x10-9 13.36% 
At Fixed Support (432 in): 
Phi ~-72407x10-7 = "0" 0 0% 
Phi'! -29064x10-5 2.67744x10-6 7.88% 
Phi! ~10643x10-11 = "QO" 0 0% 
Phi'''! -59098xi0-7 5.61197x10-8 5.04% 


Table 4.2 - PHI ANGLE/DERIVATIVES, PROBLEM 2 








PHI ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: 3 
Beam Selected: W12x79 
End Conditions: Pinned-Pinned 
Length (inches): 360 





"Torsion" "Hand-Calc." 2 Oiff. 

At Left Support (0 in}: 

Phi 0 a 0 0% 

Phi'! 0 0 + 0% 

Phi! 5.78920x10-4 © 5.61524x10-4 3.00% 

Philt! -1.72400x10-7 -1.75724x10-7 1.89% 
At .1lL (36 in}: 

Phi 019483 -018792 3.55% 

Phit! -6.48172x10-6 ; -6.16842x10-6 4.83% 

Phi! 4.64730x10-4 4.49917x10-4 3.19% 

Phi''! ~1.95537x10-7 -1.98307x10-7 1.39% 
At .7L (252 in): 

Phi 038165 037123 2.73% 

Phi‘! -4.2233x10-6 ~4.18394x10-6 0.93% 

Phi’ -2.2093x10-4 -2.16240x10-4 2.12% 

Phi''! -5.18222x10-8 -4.9636x10-8 4.22% 
At Right Support (360 in): 

Phi 8.6327x10-8 = "0" 0 Om 

Phi? 1.9459x10-11 = "0" 0 Cs 

Phi! -4.16280x10-4 -3.98763x10-4 3.37% 

Phi''' 2.76902x10-8 2.98754x1i0-8 632% 


Table 4.3 - PHI ANGLE/DERIVATIVES, PROBLEM 3 
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PHI ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: 4 
Beam Selected: W14x90 
End Conditions: Fixed-Fixed 
Length (inches): 480 





At Left Support (0 in): 
Phi 0 0 O% 
Phi''! 1.38387x10-5 1.35564x10-5 2.04% 
Phi! 0 0 C% 
Pai *! ~2.08483x10-7 -2.09115x10-7 Oy 20% 
At .5L (240 in): 
Phi -096856 | -097553 O.71% 
Phi'! -8.1611x10-6 -8.06937x10-6 eekes 
Phi' 2.76211x10-9 = "0" 0 0% 
Phi't' ~5.37320x10-8 ~5.38956x10-8 0.30% 
At Right Support (480 in}: 
Phi 1.8102x10-6 = "0" 0 o% 
Phi’ 1.38388x10-5 1.35564x10-5 2.04% 
Phi' -2.2859x10-9 = "9" 0 Ck 
Phy 2.08483x10~-7 2.091146x10-7 9.30% 


Table 4.4 - PHI ANGLE/DERIVATIVES, PROBLEM 4 
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PHI ANGLE AND DERIVATIVES 
COMP’ RISON TABLE 


Problem No.: 5 
Beam Selected: W815 
End Conditions: Fixed-Free 
Length (inches): 60 


"Torsion" "Hand-Calec.” 
At Support (0 in): 
Phi 0 0 
Phi[! ~27899x10-3 00027499 3 
Phi! 0 0 
Phil! ~.20042x10-4 - 00001998 3 
At «3b: (18 an): 
Phi .026647 .C30922 43h, 
Phi'' -.54646x10-4 ~.00005465 35 
Phi! -19654x190-2 0019695 Ch 
Phi't! -.18042x10-4 -.00001798 Cs 
At Free End (60 in): 
Phi 080349 .0803S7 C. 
Phi'! -63497x10-i1 = "6" 0 
Phi' -96339x10-3 0007878 3. 
PRI -98034x10-6 7.99x16-7 ié. 





Table 4.5 - PHI ANGLE/DERIVATIVES, PROBLEN 5 
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PHI ANGLE ANC DERIVATIVES 
COMPARISON TABLE 


Problem No.: 6 
Beam Selected: Wi0x4S 
End Conditions: Fixed-Free 
Length (inches): 192 





ae uk 
h ’ 
& : | 
> iz 
4 eININ 
Ss a6" ‘ | 
| eect 
"Torsion" "Warnd-Calec AOU aT 
At Support (0 in} 
Ph} 0 . 0 U% 
Phi’! .19602x10-4 .18693x10-4 4.94% 
Phi! 0 0 0% 
Phitt! ~.63952x%10-6 -6.22110x10-7 2.72% 
At .5L (96 in): 
Phi .029039 .02620 9.78% 
Phil! ~36197x1iC-5 -3.6230x10-6 0.09% 
Phi! ~24734x10-3 .0002422 2.08% 
Diy et .62667xi0-7 6.2°110xit-38 2.29% 
At Free End (192 in}: 
Phi .043101 .04030 §.50% 
Phi! -2655@0x10-1i = "QO" 0 On 
Phi! -10i27x%10-3 O00 RAS 16.29% 
Phitt' .26093x10-7 2.0737x10-8 LOS % 


4.6 -PHI ANGLE/DERIVATIVES, PROBLEM 6 





PHI ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: 7 
Beam Selected: W6x15 
End Conditions: Fixed-Free 
Length (inches): 42 


"Torsion" "Hand-Calc." 2 Diff 
CF SG oe eet Me te Se ee BONS peas 

At Support (0 in): 

Phi 0 0 O% 

Phil! ~20651x10-3 .00021008 1.70% 

Phi! 0 0 0% 

Phi‘ '' -.18043x10-4 -.00001828 1.390% 
At .3L (12.6 in): 

Phi 010563 007893 24.56% 

Phi''! -.15550x10-4 -.00001616 ee ie 

Phi' »11951x10-2 .00142857 : 16.34% 

Phi''! -.17439x10-4 ~,.00001773 1.64% 
At Free End (42 in): 

Phi -041242 047357 12.91% 

Phi''! .23221x10-12 = "0" 0 0% 

Phi' .07444x10-3 - ,00107143 9.05% 

Phi''' -49229x10-6 5.4843x10-7 10.24% 


Table 4.7 - PHI ANGLE/DERIVATIVES, PROBLEM 7 
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PHT ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: § 
Beam Selected: W8x67 
End Conditions: Fixed-Free 
Length (inches): 108 


= ; i i ed a es L—— \ 


12 KINI) | 


a —- | 





a See eee eee eer eee ——+| 


"Torsion" “"Hand-Calc." % Ditf. 
At Support (0 in): 
Phi OU 0 ra 
Phi’! ~6.2595x10-6 © -6.188x10-6 1.14% 
Phi! 0 0 0% 
Phi''' 1.2945x10-7 1.30x10-7 0.38% 
At .3L (31.4 in): 
Phi -2.55981x10-3 -2.6162x10-3 2.16% 
Phi‘! -1.76108x10-6. *-1.8566x10-6 5.14% 
Phi' -1.34279x10-4 - 0001371 2.06% 
Phas 1.80392x10-7 1.69x10-7 6.32% 


At Free End (108 in): 


Phi ~1.13664x10-2 -.011642 2.37% 
Phi'! ~1.48674x10-10 = "0" 0 * 
Phi! -7.892x10-5 -.00008175 3.46% 
Phi'?! -1.07003x10-7 ~1.04x10-8 2.81% 


Table 4.8 - PHI /ANGLE /DERIVATIVES, PROBLEM 8 
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PHI ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: 9a 
Beam Selected: €10x20 
End Conditions: Fixed-Free 
Length (inches): 60 





* HAND CALCULATION VALUES INCLUDE THE TORSIONAL FORCES DUE TO ECCENTRIC 
LOADING OF THE UNIFORM DISTRIBUTED LOAD THROUGH THE CHANNEL'S SHEAR CENTER 


"Torsion" "Hand-Calc." OEE. 

At Support (0 in): 

Phi 0 0 z 

Phi'' »21630x10-3 -0002643 18.16% 

Phi' 0 0 0% 

Phi''! ~.18174x10-4 -.00002203 17.50% 
AC 23 (18. in): 

Phi 019083 + 0246337 22.53% 

Phi'' ~.62927x10-4 ~.00005438 13.58% 

Phi! -12938x10-2 001773 27.03% 

Phi ~.14926x10-4 -.00001636 8.74% 
At Free End (60 in): 

Phi 044149 066842 33.95% 

Phi'! ~.59204x10-10 = "9" 0) 0% 

Phi! -31087x10-2 - 0006358 DL. 1L% 

Phi''! -78042x10 -6 -000001605 51.38% 


Table 4.9a - PHI ANGLE/DERIVATIVES, PROBLEM 9a 
24 





PHI ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: 9b 
Beam Selected: C10x20 
End Conditions: Fixed-Free 
Length (inches}: 60 





* HAND CALCULATION VALUES 00 NOT INCLUCE THE TORSIONAL FORCES DUE TO 


ECCENTRIC LOADING OF THE UNIFORM DISTRIBUTED LOAD THROUGH THE CHANNE 


SHEAR CENTER 


"Torsion" 

At Support (0 in): 

Phi 0. 

Phi'! »21630x10 

Phi' 0 

Pits ~.18174x10 
At .3L (18 in): 

Phi .019083 

Phi'! ~.62927x10 

Phi' .12938x10 

Phi''' ~.14926x10 
At Free End (60 in): 

Phi 044149. 

Phil! -.59204x10 

Phi! -31087x10 

Phi''' .78042x10 


“Hand-Caic." 
0 
= .0002146 
0 
-4 -.00001828 
- .018728 
-4 -,00006184 
2 .0013031 
~4 -.00001499 
043219 
-10 = "QO" 0 
=e 0002896 
-6 7.3126x10-7 


Table 4.9b - PHI ANGLE/DERIVATIVES, PROBLEM 9b 
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At Support (0 in): 


At 


At Free End (108 in): 


Phi 
Phi'! 
Phi! 
Pay 


.3L (32.4 in): 


Phi 
Phi'' 
Phi' 
Phi't! 


Phi 
Phi? 
Phi' 
Phit'' 


Table 4. 


mete ee ew wm ne a a ne a a a ee ee ee eee ee eee ee 


10 - PHI ANGLE/DERIVATIVES, PROBLEM 10 


PHI ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: 
Beam Selected: 
End Conditions: 
Length (inches}: 


-6154x10-5 
0 
« 2313x10-6 


- 80" “9x10-2 
-02406x10~-5 
-2765x10-4 

-39828x10-6 


-24163x10-2 


-12819x10-9 = "QO" 


-02456x10-4 
-88997x10-7 


26 


10 

C12x30 
Fixed-Free 
108 





-.4542x10-4 
0 
1.212x10-6 


-.017098 
~1.3423x10-5 
-9.014x10~-4 

1.35621x10-6 


-~.070244 
0 
-.0004177 
-8.7229x10-7 


b 


Oo 


1 3 
TL el TW Fz 








PHI ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: li 
Beam Selected: (5x9 
End Conditions: Fixed-Free 
Length {inches): 42 





At Support (0 in): 


Phi 0 0 4 
Phi’ .30579x10-2 .002950 3.53% 
Phi! 0 0 0% 
Phi’! -.47020x10-3 -.000472 0.38% 


At .3L (12.6 in): 


Phi 11685 114633 1.90% 
Phi’ -.11897x10-2 -.001141 4.09% 
Phi' .99488x10-2 009830 1.19% 
Phat - .32743x10-3 -.000331 1.08% 

At Free End (42 in): 
Phi 19976 196514 1.62% 
Phi'! .189x10-8 = "0" 0 0% 
Phi’ .58739x10-3 000655 10.32% 
Phi''' .84293x10-5 00000944 173% 


Table 4.11 -PHI ANGLE/DERIVATIVES, PROBLEM 11 
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PHI ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: 12a 
Beam Selected: MC18x42 
End Conditions: Fixed-Free 
Length {inches}: 192 


| 
a i 
YIN IN 


eer 46°-—> | 
| 


|| $$ 147" 


* HAND CALCULATION VALUES INCLUDE THE TORSIONAL FORCES OUE 7° 
LOADING OF THE TWO CONCENTRATED LOADS THROUGH THE CHANNEL'S SH 


mm 


CCENTRI 
AR CENT 


"Torsion" "Hand-Calc." % Diff. 

At Support (0 in): 

Phi 0 0 0% 

Phi'! .39802x10-4 4.656x10-5 Los5i2 

Phi! 0 0 Ox 

Phit'! -.15538x10-5 -1.6933xi0-6 8.24% 
At .5L (96 in): 

Phi .049015 .06624 26.90% 

Phi'? -.74574x10-5 -3.5077x10-6 52.96% 

Phi! .32272x10-3 .00068i1 52.52% 

Phit'! .17989x10-6 2.31328x10-7 22 24% 
At Free End (192 in}: 

Phi 062393 42042 43.19% 

Phit? ~.25325x10-9 = "0" 0 6¢ 

Phi! .66205x10-4 .000056361 14.87% 

Phit'! .36904x10-7 1.7916x10-8 51.45% 


Table 4.12a - PHI ANGLE/DERIVATIVES, PROBLEM 12a 
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PHT ANGLE AND DERIVATIVES 
COMPARISON TABLE 


Problem No.: 12b 
Beam Selected: MC18x42 
end Conditions: Fixed-Ffree 
Length (inches): 192 


2* a 


a ' 


* HAND CALCULATION VALUES DO NOT INCLUDE THE: TORSIONAL FORCES DUE TO 


ECCENTRIC LOADING OF THE TWO.CONCENTRATED LOADS THROUGH THE CHANNEX‘S SHEAR 
CENTER 


"Torsion" “Wand-Calc.” % Diff. 

At Support (0 in): 

Phi ane 0 0% 

Phit' .39803x10-4 —.39488x10-4 79% 

Phi! 0 0 Ox 

Phitt! -.15538x10-5 - 1544x10-5 63% 
At .5L (96 in): 

Phi 049015 04884 36% 

Phi'! ~.74574x10-5 = --7.5494x10-6 1.22% 

Phi! .32272x10-3 3.07060x10-3 i.18% 

Phitt .17989x10-6 L.7161x10-7 6.60% 
At Free End (192 in); 

Phi 062393 . 06234 08% 

Phat? ~.25325x10-9 = “Q" 0 On 

Phi? .66205x10-4 614x10-4 7.26% 

Phitt: .36904x10-7 = "QO" 0 % 


Table 4.12b - PHI ANGLE/DERIVATIVES, PROBLEM i2b 
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occur when torsional forces due to the eccentric loading through a 


channel's shear center are included in the calculations. 


4.3 “TORSION"/Hand-Calculation Stress Comparison Tables 
Tables 4.13 through 4.24b iilustrate the normal stresses and torsional 


stresses calculated determined by the "TORSION" program and = hand- 


_ calculations, and the percent differences between the two analysis methods. 


Percent differences could not be calculated in cases where the stress 
value derived by hand was 0 ksi and the stress derived by "TORS!ON" was an 
actual value. Percent differences for these cases are annotated by a 
question mark. 

Tables 4.13 through 4.24b aiso illustrate the errors in the "“7ORSION" 
stress output. For example, in Test Problem No. 5 (W8x15, Fixed-Free), 
"TORSION" calculates an increasing bending and shear stress along the 
member's length from the support to the free end, which cannot be the case 
for these boundary conditions. Similar situations with plane bending 
stresses for the fixed-free boundary conditions are apparent in Test 
Problems No's. 6, 9a, 12a and 12b. 

In the other cases, the percent differences are quite <cmali. 
Comparison of the percent differences of the ¢', #'' and d''' at specific 
Tength locations and cross-section points with the calculated stress 
percent differences at the same points and locations show a high degree of 
similarity. This, of course, would be the case since the stresses 
calculated with Equations 1.3, 1.4 and 1.5 are directly related to the ¢@', 
@'' and #''' values. Therefore, percent differences in these values would 


be reflected by similar percent differences in the calculated stresses. 
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"TORSION" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Problem 1 
Beam Selected: wi4x109 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 
Ane yses taken at os Locations 


Location 1: 0 inches 
Location 2: 210 inches 
Location 3: 300 inches 








ce 





PROBLEM: | 
BEAM: W14x109 


Fixed-Free 
Length: 300" Q ia, . 210 in, 
LOCATI LOCATION (2) | 


DIFF HAND-CALC. % DIFF | 


ea 


STRES 
TORSEUSAL GPP. OUP Te ad 18. 23415 Eee ee 300 -4,36199 1532 
(OS) oF 


(C5) af 4 ) 3,§55625 3478 273936 
si 0 ° Q 2, 250411 2.23 391303 
Q.202432 0, 2393 9.07 0.275264 0.152 asd -0,167433 


= 
= be CON Peet 
> eee a See 

a Cae ee 

~~ MN bo 
mo Cat 
a 

—_—_—— eee 

tr? D> 





Table 4.13 - "TORSION'/HAND-CALC. COMPARISON, PROBLEM 1 





360 in. 
LOCATION (3) 
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"TORSTON" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 2 
Beam Selected: W14x159 
End Conditions: Pinned-Fixed 


Analyses taken at 3 Locations: 























Location l: 0 inches 
Location 2: 108 inches 
Location 3: 432 inches = 
* 
12% 
Z a N 
Z i N 
I 
-\~ ‘4 \ 
a 
g I> = >> > oN 
} Pst ~ 
\ 
| ; 
, 108 sa 
a 132. - 
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PROBLEM: 2 

BEAM: W14x153 

Pinned-Fixed 

Length: 432" Q in. 108 in, § 

LOCATION (1) GCATION (2) LGC 
| "TORSTON" —--HAND-CALC. «= | DIFF | "TORSION" -HAND-CALC. «DIFF | "TORSION" = HAND-CALC, = & DIFF 


i™ 


arr. 0 ) 0 0 | -1.347433 -i, 


BENDING GPT. 9 ) 0 0 3.227294 4292] 9.91 2.39811 2.392 0.25 





1315956 1.642 9.53) | 1.928555 0.924 10.17 0 j 0 

1.137506 1.023 9.63 | 6.643927 0.578 10.24 j 0 0 

ICSE ME. Ras 8.013 RG Aka a oe 
; : 

9.108073 0.206 9.92 | o. 708099 es ee ae me ee O42 1k 

0.74073 .76? = 0.3%) | 0.764073 G78?) oe | aiggaaes G46 Od 





Table 4.14 - "TORSION'/HAND-CALC. COMPARISON, PROBLEM 2 














"TROSTON" AND HANO-CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 3 
cgeam Selected: Wl 


End Conditions: Pinned-Pinned 


Analyses taken at 4 











Location 1: 0 inches 
Location 2: 36 inches 
Location 3: 252 inches 
Location 4: 360 inches 
xt i 
NG ~ nn yiyet 
NI a OIG IES 
LS 
~ ee 
NI ? 
N: : 
! i 
tele 
a oe 
557 
|- Lol 
ee eee teen ee eae 
i 
0 ji 
Sa 
ft 
i 
i 
he: 
i ~ : 
oP eee ap sees rh 
i} a 
(| 
i 
fF 
— SY 


2x79 


Locations: 








eGo tp eet Hes 
ASS SAINTS 










0 in. 36 in. 252 in. 360 ia. 
LOCATION (1) LOCATION (2) l LOCATION (3) | LOCATION (4) 


BAND-CALC. % DIFF | "TORSIGN” © HAND-CALC. «DIFF | "TORSION" © EAND-CALC. « & DIFF | "TORSTON" = HAND-CALC. & DIFF 


9 0 | -6.510505 -6.237 4.74 -4,307246 -4,271 0.84 0.00002 0 0 


9E 





O50 ia Q.ohhz) Dibli 1,43 Y,i5361) 4,206 i2.32 -).089433 -0.092 4,31 
, 3 ) y) Q ) ) i) ) a) d 
) q) y 5 ) 0 0 0 i) i) ] 


Table 4.15 - “TORSTON'/HAND-CALC. COMPARISON, PROBLEM 3 





"TORSION" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 4 
Beam Selected: W14x90 
End Conditions: Fixed-Fixed 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
















Location 2: 240 inches 
Location 3: 480 inches 7 ‘ 
s 
6 RIFT ‘ 
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PROBLEX: 4 
BEAM: W14x90 
Fixed-Fixed 


Length: 499" 0 
us 


240 in, 44 _ 
aN (1) LOCATION (2) | LOCATION (3) 








art, O |! -§.7135397 -6,7153 j -15,79322 3.5565 #O,01 -§, 7415227 -9.71353 0 
BrP, 7 
7 isi art, 3 
Oe )6s eH Rese Sdse sess ew ee ee eo ees S 
SuPaAa STRESS ee 
TORSTONAL GPT, oO 
(Ct) G27, | 4) Q 0 0.000022 ) i) -1.30E-95 0 Q 
vst G27, 3 0 0 0 -1,40E-05 ) ) ~) IQE-05 Q 0 
WARPENG Get, 9 
(C xs) gz? | 1.960376 1,0) 0.% 0.273292 ).28 2.4 -1.060375 -1.0] 0.83 
egi p27, 3 
aENTN a / 
(Cp) i Ht 9.882777 9.5701 1.39 ee 0 0 | 0.562777 0.570) 1,28 
wat 3 af -2. Eilat -7, 1476 1,23 a } 4 Poa id Hits Wacky 





Table 4.16 - "TORSION'/HAND-CALC. COMPARISON, PROBLEM 4 


"TORSION" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Problem; 5 
Beam Selected: W8xl15 ' 
End Conditions: Fixed-Free i 


Analyses taken at 3 Locations: 


Location 1: QO inches 
Location 2: 18 inches 
Location 3: 60 inches 
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4 he } ; 1 
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OY 


0 fa, | 18 in, 60 in, 
LOCATI LOCATION (2) LOCATION (3) 


Be 
ae 
= 
i 
to 


my 


NORMAL STRESS 


nan 


-12. 71186 “12,742 0 


-19.19495 


~6.229 = 67.55 


Table 4.17 — "TORSION"/HAND-CALC. COMPARISON, PROBLEM 5 





1 G0E-05 


-25.42423 








"TORSION" AND HANOD-CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 6 
Beam Selected: W10x49 ' 
End Conditions: Fixed-Free i 


Analyses taken at 3 Locations: 


Location 1: O inches 
Location 2: S6 inches 
Location 3: 192 inches 
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PROBLEM: 6 
BEAM: W10x43 
Fixed-rree 
Lengta: 192" ) ia, 96 in. ‘Ca 
1 LOCATION (2) , | LOCATION (2) | LOCATION (3) 
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"TORSION" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 7 
Beam Selected: W6x15 ' 
End Conditions: Fixed-Free \ 


Analyses taken at 3 Locations: 


Location 1 G inches 
Location 2: 12.6 inches ; 
Location 3 


42 inches 
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Table 4.19 - "TORSION" /HAND-CLAC. COMPARISON, PROBLEM 7 





"TORSION" 





COMPARISON TABLE 


Problem: 8 
Beam Selected: W8x67 


AND HAND-CALCULATION RESULTS 


End Conditions: Fixed-Free 


a 


Analyses taken at 3 Locations: 


Location 


0 inches 


1s 
Location 2; 32.4 -inenes 
2 


Location 














108 inches 


<a 
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"TORSION" AND HAND-CALCULATION RESULTS 


COMPARISON TABLE 


Problem: 9 
Beam Selected: C10x20 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
Location 2: 18 inches 
Location 3: 60 inches 
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(WITH ECCENTRIC TORSION DUE TO UNIFORM LOAD) 


FAM: Cidx29 
Fixed-fre2 
Leagth: 60" Us1n 









LOCATION (1) | 


“PORSTON” 


orn) 
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eae EN: 
ae 
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BEN GIES Fe -9,444 G ~14.53948 
‘ % r 2 39045 
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yell 3 ae ce th ~14.35548 
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"TORSION" AND HAND-CALCULATION RESULTS 


COMPARISON TABLE 


Problem: 10 
Beam Selected: (C12x390 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location l O inches 
Location 2: 32.4 inches 
Location 3 


108 inches 
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COMPARISON TABLE 


Problem: 11 
Beam Selected: (C5x9 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
Location 2: 12.6 inches 


Location 3: 42. inches 


52 


"TORSION" AND HAND-CALCULATION RESULTS 


> 
Tenge Ti3 
lange fat Vevles] i 
bargesweb Casractior 
eh {at Shear fester! 












SAMT_CRIC. « & IPE | eraretaye WANT cat 0 & TEP | wegeeTANe FANT , & TE? 
AS U-C ALE %, oars if ASTON WARD-CAL ‘ My Uirt FORSTON HAND-CALC, % USSs 


‘ 


i 








Preony 
co ee 


wh un un 
a] 
qa 
pee 
en a ed 
mom mo 
> 2 ber 
co. Um 
fm CO 
+ 
= 


wa 

' 
Lrery 

rl 


—) 4 

mot 

J 4 

, use 4 

mat 

Crmead ‘ 

a . 

tue 4 

Loot 

’ 

a 

i 
wD 
a 
oe Mord | 
Sah IND ew 
Dm OS 
mom oH > 
> om 
on wo 
2 + oN 
Ca ar eeay 
WA Dr Ov 
an 
on 
Ww Ww 
co) 
pet 
i 
ww 
— 
=> 


WARING eR. 10.5320. 1504 14.599 1.03 | -0,36686 “0.411 10.7 
(ws) GPT 3 14.972 0.39 | 210,38397 10.337 8.49 | 0.267323 -0.299 10.59 
isi 627. 3 “1.37 9.39 | -3.002107 5.169 2.09 | 0.134605 0.147 10.47 





BENDING Sey t 
-— iT 4 3 
y Jib. s ‘ : 
(T5) ; i) 0 0 0 0 : 


Table 4.23 - "TORSION'/HAND-CALC. COMPARISON, PROBLEM 11 











"TORSION" AND HAND-CALCULATION RESULTS 


COMPARISON TABLE 


Problem: 12 
Beam Selected: MC18x42 
End Conditions: 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
Location 2: 96 inches 
Location 3: 192.inches 
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Table 4.24b - "TORSION"/HAND-CALC. 


Chapter Five 


"GTSTRUDL" STRESS ANALYSIS 


5.1 General 


The twelve hand-calculated test problems that were determined through 


use of the Torsional Analysis Case Charts were compared to the same test 


problems analyzed with GTSTRUOL. After the combined bending/torsional 
stresses were determined for each of the test problems, the results were 
compared to the plane bending and shear stresses computed by GTSTRUDL. 
These comparisons showed how the torsionally-induced stresses can 
either increase or decrease the overall bending and shear'’stresses at 
various points in the member's cross-section and at various Vocations along 


the member's length. 


5.2 GTSTRUDL Program Input and Output Files 


Input files for each test problem “as established using the standard 
GTSTRUDL format of specified units, joint coordinates, member indices. 
constants and member loadings. In addition, the GTSTRUDL "Tabies" sub- 
program for specific member properties were used. 

Stiffness analyses wore pootcinad, and ctrecs ovtputs were listed for 
each specified location along the member's length and at specified key 
points of the member's cross-section. 

Joint release requirements for GTSTRUDL dictated that the torsional 


pinned end condition could be attained through release of the y-axis and 
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z-axis moments. Release of the x-axis moment would create an unstable 
member, and was similar to the pinned boundary requirements for both the 


Torsional Analysis Case Charts and the “TORSION” program. Currently, 


in 
~d 

















GTSTRUDL stiffness analysis does not include torsional and warping 
stresses, and therefore, only plane bending stresses are listed in the 
program saitouts 

The GTSTRUDL Input/Output file printouts for each test problem are 


shown in Appendix D. 


5.3 Comparison of GTSTRUDL and Hand-Calculated Stress Results 

Tables 5.1 through 5.12 illustrate the comparison of overall member 
cross-sectional stress derived by GTSRUDL and hand-calculations. 

The basic comparison between the GTSTRUDL stress determination and the 
hand-calculated oh reese is the difference caused by the torsional and 
warping stresses. The combined bending and torsional stresses dre based on 
the plane bending joads end the torsional bending loads. Tf the plane 
bending loads are small, then their percentage of the overall combined 
stress will also be small. In comparison to the GTSTRUDL stress 
calculations (which were based on plane bending loads), the percent 
differences can seem large. However, this is due to the magnitudes of the 
plane bending loads and torsional loads chosen for each test problem, 
making the percent differences based upon the reiative amounts of plane 


bending and torsional stresses in each test problem. 


58 





"STRUDL" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 1 
Beam Selected: W14x109 
End Conditions: Fixed~Free ‘ 


Analyses taken at 3 Locations: 


Location 1: G inches 
Location 2: 210 inches 
Location 3: 300 inches 
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Location Pt. "STRUOL" Results “Hand-Calc" Results “Diff 
W14x109 0 Bending (6,): -6.069365 Bending (o,): -6.0694 abe 
Torsional f@yi: 16.28415 
Total: -6.069365 Total: i0.21475 40.6% 
} Bending (T,}: .1981687 Bending {Ty} i932 2.5% 
QO in, Torsional {te}: 0 
Warping (7): .9088 
Total: .1981687 Total: 1.102 E202 
3 Bending (7,}: 7.292585 Bending (@,): .7366 Lees 
; rorsicnai (T+): 4 
Total: 7.292585 Total: .7366 1.0% 
0 Bending (J): 0 Bending (Ot): 0 ‘ \ ¥ 
Torsional (G4): -4.86199 
Total: 0 Totat: -4,86199 ae 
s 
1 Bending (7): .1981687 1932 2.5% 
210 in. 3.76226 
1624 
Total 1983687 6.11786 95.2% 
3 Bending (7,) 7292585 Bending {@&.. 7366 
Torsional (%% 2.29673 
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Torsiona: (7): 1.19046 
Totai: 0 Tolal: 1.19046 es 


Table 5.1 - STRUDL/HAND-CALC. COMPARISON, PROBLEM 1 
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"STRUDL" ANO HAND-CALCULATION RESULTS 
COMPARISON TABLE 





Problem: 
Beam Selected: 
End Conditions: 


Analyses taken at 3 Locations: 
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COMPARISON TABLE 
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Problem: 3 
deam Selected: 
End Conditions: 


Analyses taken at 4 


WI2x79 
Pinned-Pinned 
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Lacation 2: 36 inches 
Location 3: 252 inches ‘ 
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"STRUDL" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Proolem: 4. 
Beam Selected: Wl4x90 
End Conditions: Fixed-Fixed 


Analyses taken at 3 Locations: 





Location 1: C0 inches 
Location 2: 240 inches 
Location 3: 480 inches 
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"STRUDL" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 5 
Beam Selected: W8&x15 
End Conditions: Fixed-Free 


Analyses tanen at 3 Locations: 


fecation i: G inches 
Location 2: 18 inches 
Location 3 60 inches 
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"STRUOL" AND HAND-CALCULATION RESULTS 


COMPARISON TABLE 


Problem: 6 
Beam Selected: W10x49 
End Conditions: Fixed-Free 


Analyses taxen at 3 Locations: 
Location 1: G inches 
Location 2: 96 inches 
Location 3 192 inches 
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Table 5.6 - STRUDL/HAND-CALC. COMPARISON, PROSLEM 








"STRUDL" AND HAND~CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 7 
Beam Selected: W6xl5 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 
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Location l 0 inches 

Location 2: 12.6 inches 

Location 3 42 inches 
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"STRUDL" AND HAND-CALCULATION RESULTS 


COMPARISON TABLE 


Problem: 8 
Beam Selected: Wex67 
End Conditions: Fixed-Frree 


Anaivses taken at 3 Locations: 











Location lL: 0 inches 
Location 2: 32.4 inches 
Location 3: 108 inches 
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"STRUDL" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 9 
eam Selected: C10Qx%20 ; 


8 
End Conditions: Fixed-Free i 


Location i QO inches 
Location 2: 128 inches ; 
Location 3 60 inches 
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i Location Pt. "STRUOL" Results "Hand-Calc" Results _ & Diff 
C10x20 0 Bending (on): -9.493291 Bending (o.): -9.494 - 0% 
7 ‘Torsional (cw): 63.157 
Total: -9.493291 Total: 53.563 62.3% 
E 1 Bending (c.}: -9.493291 pending (O7.}: -9.494 0% 
Torsional {Cw}: 39.276 
Total: -9.493291 Total: 20.782 54.3% 
f 2 Bending (ti): .7725742 Bending (ta): .733 5.1% 
‘ GO in rorsional (tj): 9 
Warping (Tew): 3.502 
A Total: .7725742 Total: 4.235 S1.7% 
3 Bending ({,): 1.61331 Bending {Ti j: 1.634 1.3% 
g Torsional (fT 3: 90 
Warping (Zw): 2.006 
i Total: 1.613310 Total: 3.640 54.7% 
i 6 Bending (Ort: -4.651712 Bending (cv): -4.652 0% 
; Torsional {dw}: -12.995 
| rotat: -4.651712 Total: -i7.647 72.6% 
' 1 Bending (Se}: -4.651712 “Bending {ou}: 74.652 0% 
; Torsional (Gwj: -6.229 + 
q Total: -4.651712 Total: -10.82i 57.2% 
2 Bending (%,}: .5408015 Banding (fj: .513 Cee 
| 18 in Torsional (@:): 8.658 
Waroinag (Ts): 2.603 
Total: .5408015 Total: 11.772 5.4% 
i 3 Bending (fy): 1.129317 Bending (f}: 1.144 1.3% 
Torsional (€t}: 7.526 
Warping (Gus): 1.490 
f Total: 1.129317 Total: 10.160 88.9% 
0 Bending (Ce): C Bencing (cv}: 0 0% 
i Torsional (cw): 0 ; 
Total: 0 Total: QO 0% 
e i Bending (g.}: G | Bending {cs}: 0 0% 
Torsional (Gwi: 0 
Poeate 0 Total: 0 0% 
a 2 Bending (Ti): 9 Bending (t} 0% 
60 in. Torsional (Cz): 3,105 
Warping (Gs: .255 
i Total: 0 Totai: 3.360 am 
3 Bending (T.,}: 0 Bending (T,}): 0 0% 
a Torsional (Tz): 2.699 . 
Hen Eee TED ete ee Warping (Tus): .146 
Total: 0 Totai: 2.845 -- _. 


Table 5.9 -— STRUDL/HAND-CALC. COMPARISON, PROBLEM $ 
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"STRUOL" AND HAND-CALCULATION RESULTS 
COMPARISON TABLE 


Problem: 10 
Beam Selected: C12x30 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 














Location 1: 0 inches 

Location 2: 32.4 inches e. , 

Lecation 3: 10@ inches 
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Location Pt. "STRUDL" Results 


“"Hand-Cale" Results 


“4 Oiff 


12x30 0 Bending (Qn): 0 Bending (o.)}: 0 0% : 
Torsional (dw): -15.411 
Total: 0 Total: -15.411 -- ’ 
1 Bending (d.): 9 Bending (c.): 0 0% 
Torsional (Ow): -6.612 
Total: 0 Total: -6.612 <s 
2 Bending (7%): 9 Bending (7): 0 O% 
0 in Torsional (@): 0 
Warping (Tes): -.344 
Total: O Total: -.344 -- 
3 Bending (¢,): 9 Bending (T,}: 0 0% 
Torsional (Tj: 0 
warping (Tos): -.169 
Totai: 9 Tetal: -.169 25 
0 Bending (o,}: © Banding (cu): 9 0% 
Torsional (Ow): -4.554 
Totai: 9 Total: -4.554 -- 
l Bending (d.): 9 Bending (ov}: 0 0% 
Torsional (Gu): -1.954 
Total: 0 Total: -1.954 =r 
2 Bending (T,)}: 0 Bending (Tj: 0 04% 
32.4 in. Torsional (T-}: -5.058 ' 
Warping (up: -.385 % 
Total: Q Total: -5.443 Ho j 
2 Bending Ate he 6 Bending (T,}: 0 0% . 
Torsional (Tj: -5.149 
Warping (Gs): -.1895 
Total: 0 Total: -5.338 aie ‘ 
0 Bending (c,): 0 Bending (9%): 6 0% = 
Torsional (Gw}: 0 
Totai: 0 Total: 0 0% 
l Bending (Gn): 9 Bending (o.): 0 0% 
Torsional (ow): 0 
Total: 9 Totai: 0 0% 
2 Bending (%,j: C Bending (uj: 0 0% 
108 in. Torsional (Tj: -2.344 . 
Warping (Zr): .248 
Total: 0 Totai: -2.096 _ . 
3 Bending (€,): G6 Bending (T,): 0 O% ‘ 
Torsional (T ): -2.386 
“Warping (Tu): .122 ‘ 
Total: 3 Total: -2.264 = 


Table 5.10 - STRUDL/HAND-CALC. COMPARISON, PROBLEM 10 
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Problem: 11 
Beam Selected: C5x9 
End Conditions: Fi 


"STRUOL" AND HANO-CALCULATION RESULTS 
COMPARISON TABLE 


Analyses taken at 3 Locations: 


nc 


Location 1: Q inch 
Location 2: 12.6 inch 
Location 3: 42-inch 
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MSTRUDL" AND HAND-CALCULATION RESULTS 


COMPARISON TABLE 


Problem: 12 
Beam Selected: MC1Ex42 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location 1: O inches 
Location 2: 96 inches 
Location 3: 192 inches 
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76.1% 
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-3969825 
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Table 5.12 - STRUDL/HAND-CALC. COMPARISON, PROBLEM 12 
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Chapter Six 


CONCLUSIONS 


An automated procedure for analyzing piane bending, torsiona? and 


warping stresses can be validated through hand-calcuiated p 
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based on a proven and acceptable analysis method. The Tor 
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Case Charts developed by the Bethlenem Steel corporation are an accepntab} 
analysis method, and can therefore be used to verify the stress anelysis 
"TORSION" program. 

The comparison tables between the "TORSION" stress output and the 
hand-calculated results indicates that the percent differences in the 
torsional and warping stresses calculated by the two analysis methods are 
slight, and that the "TORSION" program reasonably caiculates tne various 


torsional and warping stresses in open steel members. 


However, some significant errors were jdentified in "TORSISN's" 
analysis of plane bending stresses. In four test probiems involving 
members with "fixed-free" boundary conditions, the program caicuiated plane 


bending stresses that increased along the member's fength from the suppart 
to the free end. These ieee nae could be a result of the FORTRAN re- 
compilation for the program, and warrant further review and jartetnos ae 
"TORSION's" plane bending stress analysis sub-routines. 

Other differences in the stress results are attriputed to variations 
jn the two analysis methods. In the hand-calcuiations, the 
stresses were calculated at points on the extreme fibers of the member! 
cross-section, whereas torsionai and warping stresses were calcu 
points at the flange mid-thickness of the cross-section. wren tbe coane 


bending and torsionat stresses were ater combined, this aftest ir the 


points of calculation contributed to some of the difference in the overall 
flange stresses determined by the two analysis methods. 

The program "TORSION" also assumed that ali plane bending ijoads are 
applied at the shear center of each member. Therefore, the program 4: 
calculate the additional torsional load on a channel's cross-section caused 
by the eccentricity between the point of load application on the centroid 
and the shear center. Since these eccentrically-induced torsional loads 
for the channel sections were included in the hand-caiculations, percent 
differences between the two analysis methods also resulted 

Qther errors that resulted in the percent differences ijliustrated in 
the comparison tables must be shared by errors in the "TORSION" orogram and 
errors in the hand-calculations due to torsional function interpolations 


that are inherent with using the Torsional Analysis Case Charts. + 
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12 


APPENDIX A 


HAND~CALCULATIONS 


Beam Selected 


W14x109 
W14x159 
W12x79 
W14x90 
W8x15 
W10x49 
W6x15 
W8x67 
C10x20 
C12x30 
C5x9 


MC18x42 


End Conditions 


Fixed-Free 
Pinned-Fixed °, 
Pinned-Pinned 
Fixed-Fixed 
Fixed-Free 
Fixed-Free 
Fixed-Free 
Fixed-Free 
Fixed~Free 
Fixed-Free 
Fixed-free 


Fixed-Free 


HAND- CALCULATIONS | 
FOR PROBLEM 1 . 


> BEAM SELECTED: WI4x 109 
END CONDITIONS: FIXED ~- FREE 


5k 


eee 
= ‘i pa >> RS SO kiN 
25 XIN / IN 4 


210 i 


A-2 








SHEAR ¢ MOMENT DIAGRAMS 


K 
, S 
east Mas 102 
x pale 4 f ; 0K 
Rye5¥ © Re 5okN 
——_—— 210" q)'——» 
sk 


“sae: 


MomENT: | eae 


JOSO K-IN 
TORSION: 
50 K-IN 
102.5 K-IN 


WIHy 109 DIMENSIONS & PROPERTIES 


A = 32 int Te: NSO as Cw = 202000 Gp = FL2 ya? 

d = 14.32 in Te sa a » $5.Vin Ow = 959 in3 

tw = .525in Sx = 173 jn3 Wino = 49,1 in? E = 2000 xs | 
be? I4.605in 9 Sy = 61.2503 = Say = “ISY in? = Gs «1200 x : 
tp = .86in J & “Taz ie 





PLANE BENDING STRESSES 


A. LONGITUDINAL BENDING STRESSES 


Os . Ms /6, 


AT SUPPORT : OB: ~1050 “NT ind = -~6.0694 xs! 


AT 7. (210"). eae Oxs 


AT FRbE End > ea: 0 «Ks 


B. MAXIMUM WEB SHEAR STRESSES 
(ge 2 VOu/t 4. 

(rk in3 
AT SupPoRT > = Tw * (S)C45.93 Vipin eae in) = .7366 Mi 


¥\6 95.9 in} 
Al MDOT 3 (s*)(45 9/¢ 1740 in¥)( 5259) * 7366 KSI 


AT FREE ENO’ fut O ws! 








C. MAXIMUM FLANGE SHEAR STRESSES 


Cpe MOE Tie 
AT SuPPokT: 
Ae te: 


At FREE ENO: Tr = Oxs 


TORSIONAL STRESSES 


A. TORSIONAL FUNCTIONS 
use b/g: 3 (pegs 235 
1) TORSIONAL Load 1: 
USE CASE 9 o.7 


AT SuPPORT : Qs 


At e720". 





z : (5*)( 44.2 i) cr2go in IC. 86») = .1942 KS] 


v ; (5*)(41.2 A Tabs int) (- $6 ja) : 737 Ie Sf 


M: SOum AT 210" (.71) 


om |) eae ©) 
- 6 = 657.1074 
on O 
o” ere 
. @ = .062405 
WO! > 2.6308 xj0% 
. O = 0002894 


eG Ss e4cin eek 





AT FREE END: ¢ IZ] =" Wee D007? 
: on [74 = 0 * Om 36 
a [Sa] = 28 B= 0017556 
on (S| . ag "= 2.334314 10° 
2) TORSIONAL LOAD 2 : m= 25" Iw FRom O"n 210" 
USE CASE JO, a:.7 | 
AES e 
AT SupPorT. Q@: [S| = ©) RG BG 
o"- [2] = 1s B= 4.959310 
g [1] =o =O 20 
o”. [22] = -245 2 OTs 999343505 
At .7L (Zi0"): g [2 = 15 - Q = .0283487 
Ox [S| = Z5 s. Q" = -7.83758210" 
g' [2] = .38 *. g! = 000102214 
ob”. [G2] = .38 1. Gl = }.3835 x1o°8 
At Fete eno: © LS] = ES YG = 034695 
gl <0 1 BUD 
g' [Ra = | “ @) = .000026242 
b [es] = 3] 8." = 366323 as5°? 
A~6 





3) SUMMATION OF @,0'@\@" FOR LOADS 1 AND 2 


AT sureokt: QD = O 
g' = 1.1436% x 40-5 

! = O 
= 175 at0°* 


) 
@ 
AT 2 C20"): GQ = .0912537 ' 
GF HB YY EE x yp-b 

@' = ,0003406 

Gh = ~3.125¢4 1078 


At ree eno: GQ = .11638%5 

on = 0 ..- 
@ = .000202454 

@ = 2.7502 x08 


B. STRESS CALCULATIONS 
1) TORSIONAL SHEAR STRESSES 
tr: 36" 
Ce = Gt@' tw: ems" 


AT SurPORT : Ctr = (11200 vs! C36 iw) (0) =O es 
Tew = (11200 vs) (525m) CO) > © gs 


AT 1 C20"): Tee = C1200 ws DC.96 in) (0.003906 /n) > 37623 Ks 
Cty x (11206 ys )( $28 in) C000 3906 /n) 5 L2 9673 Ks 











AT Fete ENO: Ct: (11200 es. )C.86 mC. 000202454) = 195009 ks 
Cte = (11200 vst) (525 »)(.000202 959) = 1190496 KSI 


2) WARPING NOLMAL STRESSES 


MAXIMUM AT FLANGE TIS! 
6 ws - £ tno" buns: 4491 jn? 


Ar supPxkT? 6s = (24000 vs) ©441 jn2)( 1.14363 s0°s) = 16.2845 oF 
AT .7L (210"): Gus = (29000 vs )44,/ nt)(~3. 91956 110°) = 4 36199 xs: 


AT FREE ENO: “en » (29000 es )(49.1 ine) 0) = OQ xs! 


3) WARPING. SHEAR STRESSES 
ae MaxInUM AT FLANGE CENTERS! 
as NS m 
Cus = = @ Suse [SY int, tee .M6i0 
_ (-.29000 ¥s1)Cisy in) 
: (-86in) 


-29006 I5Y Int) 
AT .7L C210"): Tus? ee (-312 5643 /0°8) = .)624 ws 


AT SuPPORT: Tus (-1.95 0°?) > 993% ust 


Av Fatt €NO: Cus = eee (2 7502/0 1) > = fY28 Ks 
«Bb in 


4-8 





HAND- CALCULATIONS 
FOR PROBLEM 2 


BEAM SELECTED: WI4x 159 
END CONDITIONS: PINNED - FIXED 





[SHEAK & MomenT Didckans| 


12 
i A 
}———t [ 5) Me 
A 1 (109) | 25 Kini 
er he ed 
(432") 


Raz Pb (a+2t) = 12(27)*(9+2-3¢) > 7.59% 





jr 2(36)° i 
Re: Pa (32%a?) = 12(9)(3(36)- (9?) = 44" 
1a | VAS | 
Me Pab (ard) = i2(@)(27) (9436) = S0.ge5**7 = bors 
i ae 2 (36)? 
acq¥ 
SHEAR: | 
yyy ke 
$14,792 Fete 
MOMENT ® a tite 
for 5" 


ToRSION: 


i 


A-10 








[ Wit x 154 DIMENSIONS & PROPERTIES | 


A = 46.7 in? Tx = 1900in8 = Cw = 35600 iné = Qe = 61.3 jn3 
d = 4498 In Ty = 748 ind A = 64.3 in Qin = 143 ind 
be = 15:565in Sx = 2543 Wo = S37in? = E = 24000 bs 
te = 1.14 jn Sy = 96213 GS, = 248 Ind G = 11200 ks 


tw = ~ 745 ta J = 19.3 ind 


PLANE BENDING STRESSES 


A. LONGITUDINAL BENDING STRESSES 


66: M6}, 


Ar BINED SuPPoRT: = @ 2 Osi 
Ker 
At Point Loao C108"): 6a = 819.92 254 in3 = 3.227 «s1 


as 7?, Wn 
Aft F\xfD SuPPORT : 66: EOE / 254 in3 = - 2392 is1 


B. MAXIMUM WEB SHEAR STRESSES 


VQw 
Cow = Itw 


(-7.59¥)(3in?) 
AT PINNED SuPPoRT: Cy = ) Husawidausie ei GT XSI 


(-7.54*)C193 In3) 
AT POINT LOAD (108"): Cue 1900 04)C.798i0) 2 = 77 vs 


(4.4K C143 in) 
AT AxEo Surrokt: Cw 1400 in) (945 nde 446 Ks 


A-11 








C. MAXIMUM FLANGE SHEAR STRESSES 
——9m—— ee 
Tr VO/ tes 


: E\(6S.3 i903 
ae ( 7.§49 JC 314 A raya ns) (119 i) 5 -Z06 Ks! 


(-7.89*) (61.3 In3) ; 
) 71900 in1}119 1) 2 206 es 


AT BINNED Support: 
AT Pont Load L168")? Tre 


kK ‘n3 , \ 
At Fixtp SupeokT: Tr . (4.41 (61.3 1h VYoaggo jay ( ii9'n) - is 1S! 


TORSIONAL STRESSES 


A. TORSIONAL FUNCTIONS. 


use “las 74/3" = C3 


TORSIONAL LOAD 1:00 m=.25 ™/my FROM 0" 1 432" 


USE CASE !2 
AT PINNED SUPPORT: Q. [2-4] = QO .G :0 
eo IS) = 06 AD 26 
dg’. [S-z] = -32 “OF 123% 107 
a". [Se] care) SO" = ~1.650575 10% 
AT PowT Load (108"): @ AZ: a | = 7025 OS 0c 
ofS} = -75 = 8.45504 107 
o-[S2] 2-13 Ol = 6414105 
o[] = .20 v2 3.30116 107 


A~12 





AT FixtD SuPPoRT: 6. [Sb] 10 eh a0 
| g'[B] = 23% "= LEM 
} z \ 
) [Sz] = Q Q = 
o" |S] 2 3 OD = 5.6)97 307 
B. STRESS CALCULATIONS 
tee 1.19 jn \ 
|) TORSIONAL SHEAR STRESSES Be ae 


Te: Ct’ 


Cew = (11200 —51)(.745 inJC1231963 10°) = 1.079 


AT PINNED SUPPORT : 
Cie (11200 vu) C119 mdC1.7319¢510°") ~ 7.642 ks) 


AT PONT Loa (108°) 2 Tew 2 (11200 1o(-795 in) £.92979 4 10°S) = 578 xsi 
Cer = (11200 vs 1.19 in) (6.92999 10°) = 924 xs: 


Ar rinto SurPoet: Tim = (11200 wn )C.746 indo) = O en 
Cee 3 (11200 wd 1.19 in) (0) - Ox 


MAXIMUM AT FLANGE TIPS! 


2) WARPING NOKMAL STRESSES Was 2 53.7i0° 
G6 ws = E Woo po” 
AT PINNED SUPPORT: ws = (24000 ws (53,70? CQ) = 0 Ks 


- 


AT POINT LOAD (j08"): Bus = (24000 mal 537 in?) (3.45504 910-7) =] SIT es 
AT FIND Suproet: Gus = C27000 1s, )053.7 int )C-2.67799 419-6) 415 ys, 








3) WARPING SHEAR STRESSES 
: MAXIMUM AT FLANGE CEarERS! 


‘Cus = ee go" Suz 24GinY, ths [It in 
- (29000 xs1)( 2.18 in) 
AT PINNED SUPPORT: Tus = C19 In) (~ 1650673 »10-2) = ./00 KS! 


i - (29006 ks1)( 249 in) 
AT Pont Loao (108"): Cus: {21000 katoi (- 3 3011 1078) + O20 Ks! 


t 


~ (29000 Ks1) C243 ia‘) 
AT FIAEO SuPPoRT: = Cus: ——thiginy ( 56119741075) pre KS 7) 











HAND- CALCULATIONS | 
FOR PROBLEM 3 . 


“ BEAM SELECTED: WI2x 79 
END CONDITIONS: PINNED - PINNED 








OHEAR & MOMENT DIAGRAMS 


Go en 25 Kin n 
hres) ——4F a 
CP IRE Bi Ee 
Nan 











NO PLANE BENDING LOADS OR STRESSES 


23.5 kelw 


TORSION: 





WIZ2x74 DIMENSIONS & PROPERTIES 


Az 232i Ty 662 int Cor = 7330inb Qe = 26.4 )03 
Jd =1238in Jy = 216 iY Q = 703im Qwe S95 ir3 
br = 12.08in Sx = lo? int Who = 352m? E = 29000 ex 
tw = Y7in Sy = 358 ind Su = 79S nt = G 7 I1200 tt 
te = 735i J = 3.34 inv 





TORSIONAL STRESSES 





A’ TORSIONAL FUNCTIONS 


USE Llaz 360°'/a93" 2 549 


A-16 








D TORSIONAL LOAD 1: = M= 60 #™ ar JIL 036") 


USE CASE 3, 0:.! 


AT LEFT SuPPoRT: @ je . 6 =0 
" peoa] 2 " 
One . @ =O 
) 
d [5 = 29 @! = 404876307 
op [S| = =.6] AQ 872195407 
: iG 
AT AL C36"y: d [re | = .135 @ = .0/35¢0 
O° [S| 29s 315 Qo = -6.251 10° 
1 fS37 
pas. Q! = 2.97% 51 
OSE] = -cq Qo = -{. 94775 20° 
AT .7L (252"): [SZ] ae G = .0!305% 
" pee 
ob [S| 2 - O15 2 ee 29 OFT 0 
} 
$3] = ON es O) = ~{ C07 jo-® 
o" ("1 = 02 IO! SB CAST 10" 
AT RIGHT SuppoRt : g |e él 0 De SO 
oem = 0 a wes 
} 
g' [Se] = ~04 s,Q! = -L25559 x10" 
d [S32] ao o) ZN D0I Ne 


2) TORSIONAL LOAD 2 : 


Mis 25 Ar Te 269) 


USE CASE 3% 5.3 FRom Tue RigHt! 


AT Left supPoRt: i 


GC 
ty 


= 
™= 


286 


: 


ce 
Ig 


AT JIL ( 36"): 


oO 
uy 


ans 


eaee 
pea ee 
mn) 


AT .TL (282"): 


O 
ze lh xe 


oR Sd 

—r— 

{ mbes 
: u 
wi 
on 


QD 


3s 


oS: 
Esa 


Hele 


oD 
| 
.~9 
t Ory, yey 
ry ’ 


KS 
> 
¢ je ~~ 


ron 
A s\ 
= 


ut 
ma 

Oo 
UW 


| 

ws 
| oy 

¢ tl 
cot 5 
i 


t 

I 
wad 
ick 


AT Rint suptoet: () a =O 
6" Sa] = 0 
oll = - 
o” (= 23 


SB 2ee7 i397 


ee Dg6 25 lO 





= 156943 x07" 
= -3.52059 x 10-7 


way 


= 005232 


= 1 56F48 a 107% 


¢ iecwetl 
SSo poy aioe 
a 


iN 
O 


It 


-2,73205 x97" 





3) SUMMATION OF @@ dd" FOR LOADS 1 ANDZ 


AT LEFT SUPPORT : 


tio 


iy 
o" 
y) 


- 


AT .IL (36"): 


WW 


~ 


1 


i] 
it 


_ 
- 


w) 
d 
0) 
® 


AT 7 (262): 


J 


rm oo 


Me 


") 
G 
d 
“) 


AT RIGHT Suet: GQ = 


i eo 


= 0 
0 


‘| 


Qh! = 5.61524 10-4 


~ 175724 41077 


013797 


~ 6.16842 1076 
44499}7 07" 


~ 1.98307 310° 


‘OSUZ3 


4 


- 419394 310% 


~ 2.1624 x107% 
~4. 9626 yf0°8 


0 
- 3.93 763 a 1074 


= 2.99754 1078 


B. STRESS CALCULATIONS 


|) TORSIONAL SHEAR STRESSES 


rae 


Ct’ 


A-19 


ty: .¥7j9 


tee .735 jo 


AT Left Support: Ttw = (11200 ws) (49) ( &61524310 -) © 2Q6 KSI 
Tere (11200 ws) C735 m)(5.61524.16") = 462 esi 


AT IL C36"). Zam e (11200481) (47 in) (4.49917 410°") = 237 we 
Zeee (11200 ws) 0.735») (4.999173 10%) = 370 «51 


Ar 7 C282"): Zew = (11200 er) (.47in) (-2.1624316-1) = 1.14 ee 
Tees (4200 wn.) (.735 in) (-2 1624 +10) > -/ 73 xy 


4 


At Rigut SurrorT. Céw = (11200 Pree 47 in) (-3.98-763 10") =~? 10 xsi 
wer = (11200 xs) (.735 in )(-3.98763 x10) = - 3.28 xsi 


2) WARPING NORMAL STRESSES 


MAMMUM pt FlAnGk Ties! 


Gu = F Win" lua = 35.2 in? 
At wert SuPPeet? = Guz (29000 “(35.2 m2 (6) =O xs 
AT IL 036"): Gs = (29000 v81)( 35.2 in? C6 16042 10°) © 6.297 es 
AT TL C282"); w= (24000 vesi)C 35.2 in2)(-4. 19394 x10°8) = ~ 4.277 4s 


At Ricue Support: Gy =< (24000 x1) (352 m2) (0) = O xs 











3) WARPING SHEAR STRESSES 
| ) MAXIMUM Ar FLANGE CENTERS! 


a ES. oe i 
Coe @" LF: .735In, Sw 2 7B. in¥ 


- 629000 ks1)C 78.) int) 
AT Lery Suptoet: Tw: “——Gaasmy Cis ais 


me -(29000 Ks) 73.1 jn) 
Ar al.€36"); Lae Sear (- 19930741077): selT dS 


t 


I Cees) 


At -L(282"): Tue ETS 206 kst 
. 9O00 Ks1)(78.] in 
At RIGHT Surmet: «Tue een a (2. T9754 xJ0 i) = 092 ks! 


A-21 








HAND - CALCULATIONS 
FOR PROBLEM 4 


* BEAM SELECTED: WI+x 90 
END CONDITIONS: FIXED ~ FIXED 





——— > 
3 K-In /in 


240" _—_———»- 


9500" 








-_-_-__> —» . 
3 KIN/ 50 vn 
mot, | , 
saa eee eee 480 pete 
Raz Ke: 12* 


Maz MB: ‘inl0s KN 430 int =-460um 
Moos = 34(.0S “Iw C430 mo = 480 voms 


11* 
SHEAR. Oe 
12* : 
440 Kes 
MOMENT: 
FEO Kets 960 K-Iv 
; 75 van 97 ¥-IN 
TORSION: | aD kote 
OTK , 


Wl4x90 DIMENSIONS & PROPERTIES. 


A= 265in? tee lin Sy = 449103 Wo = 4B.2in? 


d 


E 
= W40Zin Tre 999d J = 406m Sy -25it Ge H200 es 


br= 14.521 Ty = 362 ih% Cw= [6000in® Qe = 33.7in3 
tw = 44 In Sx = 143 jn3 = 10) in Qu = 78.3 in} 


A-23 








PLANE BENDING STRESSES 


A. LONGITUDINAL BENDING STRESSES 
Os : Me] <. 
“AT Lepr ® rien Supports: = Gas PO / iia wa = =6.7133 xsi 


AT 5. (240"): Baer ik aah ee Sees. we, 


B. MAXIMUM WEB SHEAK STKESSES 
rae al oe 
x i 3 
AT LEFT d RIGHT SuPrORTS: = Cw? C12")78-3in 7] (999 w*)( a4yin) = 2.1376 ks) 


AT .SL (240"): Lae. 45; 


C. MAXIMUM FLANGE SHEAR STRESSES 
Cr: VO /T +5 
AT Leet & Right SuPoets: Tes (l2*)(33-7593)/C994 in4)(.71 jn) = 501 Ks! 


AT .SL(240"): CFF O xs 


A-24 











TORSIONAL STRESSES 


A. TORSIONAL FUNCTIONS 


Use ‘la: 180'/io)" = 4.965 


)) TORSIONAL LOAD 1: 


USE CASE 6,082.5 


AT LEFT & RigHT SufPorts : 


ae | 


2) TORSIONAL LOAD 2: m: 


USE CASE 7 


: 6 
e oO" 
. ¢! 
ei on 





M= 50 vw ar 240"C5L) 


©, 

= 4.96363 s10-8 
= O 

= 45.399 56 slo 


a 


03998! 
- 4.46363 5 0% 
O 

= ¢ 5.39956. 108 


ir 


ft 


3 Iw FRom 0" To 480" 


AT LEFT ¢ Ricut Suppoers: 


2 
g [2-4] =) 0 - O 
y } GJ. Za FH 
d [ee = 5 . O" = 409275 10% 
Oo" ez] . 0 “ or aan. 
b" [S| > F100 Ld: 2 ERG 52193107 
At .SL C240"): 
G5 
@ - [2-2] = 36 BOS 2057572 
gb" [See | = <5 nO = -3.60574 3107S 
“(Set ] - . @ = 
is 27] 3 : ’ a . 
0) [| Mm = i 0 % @ = 0 


3) SUMMATION OF QO) 01" FOR LOADS 1 AND Z 


At LEFT $ KicuT Supports: @ = O 
O"= 135564, 10% 


d'= 0 
QO" =F 207146 xld7 


Q@.= 097553 
B"= - 9.06937 x10% 
©) 

@ 


! 
= 0 
e+ 


AT .SL C240"): 


5.39956 x 108 








B. STRESS CALCULATIONS 


) TORSIONAL SHEAR STRESSES 





tw: 44 
Cte G6i@' Lee . Tw 


“OAT Lert ( Rigut SupPoeys: 


Gw> (11200 xs C.44 lO) = Q es 
Ter = (11200 ws )C.41w) (0) = OKs! 


AT .5L C240"): ‘Cw? (11200 ws.)C.44w) (0) - © ksi 
Cer = (1!200 ws C71 w 60, - O xsi 


2) WARPING NORMAL STRESSES 





Ows = E Was oF Was: inane 


AT Left ¢ RIGHT SuProRrs.: 


Gus = (29000 vs }(48.3 m2 1.35564 s10°5) = 18.99 Ks! 


AT .SL C246"): @as: (29000 Ks C493 1n2)(- 8.069373 10) P30) ee 





A-27 








3) WARPING SHEAR STRESSES 


MAxIMum AT Flavek CyTtes! 
Tie. = nee Go" Sw= 12S in", tes. 7 in, 


Ar Left £ Rigdt SUPPORTS‘ 


rae ~ (29000 “si C125 in) (72. 09/146 sJo-7 ) = 


Cath) = + 1.07 esi 
At .5L (240"): 
= €29000 Ks1)C 125 Io) 7 P 
Truss © LPOopes dP LF 5.38956 310%) = = 28 es 
A-28 
eee | 





HAND- CALCULATIONS 
FOR PROBLEM 5 


BEAM SELECTED: w8x!5 
END CONDITIONS: FIXED- FREE 





———— i 








SHEAR & MOMENT DIAGRAMS 





| Yer= 0833 "An 


gx 


3.5% 
SHEAR. leer ee 
MOMENT: 
ae 


150 ken 


TORSION: 


” Ona, 


W8x!5 DIMENSIONS & PROPERTIES 


A= Hu44int Ty = 490i’ Cw = Sh Binb = Qe = 2.38 im5 
Jd : Bll in ly SHI ind Q = 3b4Min Qw 2 §.78 353 
be = HONS in Sx = UB ind Ano = 7.94 in? E = 29000 xs: 
tw = .245im Sy = 1.7 ind Sut ZA40inT = G = «11200 xs 
tr = .31Sin J = .136in4 


tl 











PLANE BENDING STRESSES 


A. LONGITUDINAL BENDING STRESSES 


Os = Me/s, 
a -| e 
AT Surport: OB =: SOREN ges 2 12 TI ee 


Ar .3u Cia"): OB: 73.54 [yy 9.43 2 "C999 rs 


At Fee END: OB: O ksi 


B. MAxIMUM WEB SHEAR STRESSES 
Ge VO, 


« \( 6.2% in3) 
: Coe fg i)(.245 1) = 2.883 xsi 


AT SuPtort: Cw 
ar ec: Toe NEB eye VC aGe)s 2.0I8 es 


AT FREE END: Cae O48 


C. MAXIMUM FLANGE SHEAR STRESSES 
Cr 7 Var /T,, 


7 (2.33 in3 
AT Suftort: = CF = ee Neue jn )C 31S in ) = 787 vs: 


ar 3L(e"): Cre (3.5238 W)/7y9 0 316 in) = SSI ew 


AY FREE END: Cre O Ks: 


| 

A, TORSIONAL FUNCTIONS 4 
USE Lig 2 80'/aiyn 2 pa] 

1) TORSIONAL LOAD 1: M 30% ar 18"(31) 


USE CASE F,a=.3 














Ar surpoktT : @ ‘a =i) SQ) 2-0 
[S32] = yy gg" = 00027594 
Q-Ual = 0 O20 
gp". [Ss] = -10 . "= -.0000/998 
AT Lie"): Qh alee | 20% QS 03082 
or [] est ee oar 
g [8] = 4 1 @' = 0019645 
gr. (27 2-4 . Qo". Eeuaotidy 
AT FRE Eno: = () Lie S15 @ = .030397 
od’. [1 = 0 . 020 
g’-[ 1] = 04 * Q' = 0007373 
Gh". {S32 ] = ou oO =°7.49 x0 








B. STRESS CALCULATIONS 


}) TORSIONAL SHEAR STRESSES 





ifs -31Sin5 
tw 


Ce: Gto' = .24Sin 


aT suport: Cows Ci}200 ws) C.2¥sm)l0) 7 O un 
Cees (11200 ws). 315 in (0) = 0 vss 


At 3h C18"): Cine (11200 vo C.245 mn) (0019695) 2 FE YOY Kg, 
eee (11290 «0 )C.315in) (0019695) = 6.949 ys 


ar Free em: = Tim = (11200 wv) 0.245 in )( 000 7973) = 2.162 Ks 
Tee = C1200 xs) (.315 in). 000 7999.) = 2.779 os 


2) WARPING NORMAL STRESSES 





MAXIMUM AT FLANGE TIPS! 
Nv 
Gus = E Woe 0) Wnoz 7.8Yin' 


AT SuPPokT: Cws = (29000 vs.)(7.84 in )(.00027599,) = 62.744 ks! 
AT 31.13"): Ows = ( 29000 vs1)(2.84 in?) (- 09005675) = “12.934 xs) 


AT FREE ENO: Gaus: (29000 xs 07.94 is?) (0) = O xsi 


A-33 











3) WARPING SHEAR STRESSES 


rs MAXIMUM AT FLANGE CENTS! 
— Ww 
Lies = =a Swe Zain’ tee 31S im 


~ (29000 K51)(2.47 in 
AT suport:  Tws 2 (29000 tN 247 99 (0 9 91008) > 4543 xs: 


“ - (24000 Ksi)C 2.97 in) 

At .3L Cig"): Cus? ci e 0000/7492) = YO$4 ys 
~ 1) YT in! = = 

At FREE ENO: = Cw 27000 ksi) 2.41 (p99 419 Z) eee | VaR <7) 


C.315 in) 


A-34 





HAND - CALCULATIONS 
FOR PROBLEM 6 : 


. BEAM SELECTED: widx 44 
END CONDITIONS: FIXED- FREE 


| 2 uv 
eee eee ee 
VS oo | 


4 K-IN /inj 


Penn TSee ei EMP RCMME Lia: |/\a Maser 


a 














SHEAR & MOMENT DIAGZAMS: 





MOMENT, 


TORSIon: eee 


34.4 kein 


Wi0x44 DIMENSIONS & PROPERTIES | 


Az Mint Tx = 27219 Co = 2070 106 Qe = 13.07n3 
ds 498in Ty I34in’ = = = E24 in Qu = 30.7 in? 
be = [O3n Sx = 54.6 in3 Who = Z3.Gin? E = 29000 ust 
tw = .34In Sy = [8.7m = Sw = 32,7 ind G = !200 Ks 
ters .S6jn Je L3G ind 








PLANE BENDING STKESSES 


A. LONGITUDINAL BENDING. STRESSES 


Os = Me/s, 


S76 Kin 


: AT SUPPORT. : OB: /sy ¢ ing 7 10.599 xsi 


AT .5L(96"): OB = SNES owe ea & “7.033 Ks 


AT FREE END: Oa O xs 





B. MAXIMUM WEB SHEAR STRESSES 
Cw * VQu/ Tin 


(2M 30.2 be 272 in4)(.34in) = -.653 KSI 


AT SuPPoRT: Tw = 
“DK jn3 
At SL (9%): Tu? (-2*) (30.2 12-72 int)(.34i») are oes 


At FREF ENO: = Cw (-4°)( 30.2 i") / C292 in (34 i) = ~ /506 xs! 


C. MAXIMUM FLANGE SHEAR STRESSES 
Cre VOr Te 


~Z2*)(13.0 ind: 
At sumer: Te = 62101808 Vco72 in )C.56 in) = 17) es 








Ar .SL(%"): CF cen 30) fa 77 a) S6in) = L171 gsi 


AT FREE ENO: Ze 2 CHIC3.0 99)/ 999 im )CSCind =~ B34) xs 


[TORSIONAL STRESSES 


A. TORSIONAL FUNCTIONS 
USE Lig = FP /enyn = 3.08 
i) TORSIONAL LOAD 1° m= .YEIN/w FROM O" 1 96" 


USE CASE 10, O85 





ie 
AT SuPPorT : @ - [S| = 0 0 ne) 
g 1S] = 7 “ Q" = .0000 13633 
g-(Be]= 0 “Gls 0 
"I (ois =o me ™ 4 
g" [Sl = -15 Gls 6.22.10 
ar sucae): Q -[Sae] = .26 » b= .0262 
"1es] 2-14 “ @'= -.000003623 
oe. 30 ae 
Wit pe of , - mW - 
go" (SET = 15 Gs C22 yi 
AT FREE END. = [S.] = .40  @ = .0403 
g.[=] = 0 2 6 
o' [2-z\= 10 “ $= ooo! 
m {G3a J , jo : 
@ Heal = 308  @'= 2.07375 1078 
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B. STRESS CALCULATIONS 
1) TORSIONAL SHEAR STRESSES 
Ce Cee amr 


"ar supoet: Tew = (200 xs JC34m(0O) = 0 xs 
| Ctr = (11200 ws(.56in)(0 ) = © xsi 


At 5i(46"): Clw= C1200 ws) (.34 in) (0002422) © 9222 ust 
Tiré (11200 usi)(.5¢ in) (0002422) IBT9 xs: 


Ar reée end: Tiw= (11200 ws:)(.39w)(.000/2/1.) = . 46I Ks 


Zee= (41200 ws dC.56w) C. 000/211) = . 760 ksi 


2) WARPING NORMAL STRESSES 
MAXIMUM AT FLANGE Tips! 
Cus = E Wn" Wings 23.6 in? 
AT SuPPORT ¢ ws = (29000 vs:)( 23.6 int) (000018633) = 12,752 ks! 


AT .5L C96"): Cus (29000 us) 236 in? )(-.00000 3623): -2.490 xsi 


AT FREE ENO: Gus = C29000u5)(23.6 m2 )(0) = Os 








3) WARPING SHEAR STRESSES 
: , = MANMUM AT FLANGE Cenrers! 
Cus? = Su: 329in4t tee 56 jn 


- 1)( 32.9 ih¥ - 
At SuPPORT: Tus L29000 WN BEAM) oo yy 1 ) = 1.060 ws 


vege £96")! Luss Se ee in (cazits 10°) ee 


2 q yh } 
At FREE END:  (us= (2 oe N32 ) (2.0739 + 10°2) Gime 8 oe 5) 
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HAND- CALCULATIONS | 
FOR PROBLEM T | 
- BEAM SELECTED: W6x 15 
END CONDITIONS: FIXED- FREE 


: 4O k-W 
- a . 
2 








SHEAR & MOMENT DIAGRAMS 


\ 
\ . . 
YO KIN E, | 


es 12.6——» | yor 





NO PLANE. BENDING LOADS OR STRESSES 


TORSION: oe Samak aie 


Ug Rs 


W6xIS DIMENSIONS & PROPERTIES 


A= HB? Ty = Alin Cue 76.5ino Qe = 2.18 int 

d = $99 in Tr = 432 in? a= 442 in Qw = 5.37 ins 

be = 5.94in Sx = UIZin> — Ono= 9.58 im? = E = Z9ICOO xs 
tw = .23in Sy = Sind Sue 334inY = G = 37200 xsi 
tr = .26in JT = QO int 


TORSIONAL STRESSES 


A. TORSIONAL FUNCTIONS 





}) TORSIONAL LOAD 1: M4 Kin AT 12.6" C31) 





USE CASE 9,0=.3 





AT suproxT: QD ° lm] =O eG 
og" [Ss] = 26 - O" =.00021003 
g'. 1] =o iG 00 
6" [FF] = -10 * Q" = =.00001823 
AT .3L 12.6"): o +t | = .005 @ = got343 
O'S] =- 02 @" = - 09001616 
g' |S = OY Q’ = 00142859, 
gr [4] = 47 Q"= ~ 00001773 
AT FREE END: (f+ [#1 = .03 wie) OUIsea 
6": [$4] = 0 .¢’=0 
g' [S$] = 03 - @' = 0010743 
0”. [Se'] = 03 1 QMS 5.4643 x10" 


B. STRESS CALCULATIONS 


!) TORSIONAL SHEAR STRESSES 


Les .26" 


Cex Gta! twe .73" 


AT Support : Ctwe (11200 rs1)(.23m) (0) - © ksi 
Cees (11200 ws(.26m)(0) = O Ke 





ee: 





AT 326"): Tew = C1200 xs (.23 w)C.00192857) = 3.680 ex 
| tere C1200 we JC. 26m) (00192857) = 4.160 xs 


At FREE END: = tw = (1/260 ws) (23 w)( 00197143) 2), 7 Feo ee 
(1!200 xs.) C.26 Ww) ( 00107143) = 3.]20 ksi 


Ctr = 
2) WARPING NORMAL STRESSES : 
| MAXIMUM AT Flange Ties ! 
Ows: E AJno o" brine = 3.53 in? 


At suppokt: cous= (29000 esi )( 3.53 in2)( 00021002) = 67272 xs: 
AT .3L €12.6"): Gis? (29000 us1)C 8.53 in )(-. O000/616) = -4.021 xs 


AT FRE END: Giwss (24000 us: 8.53 int) O.) = O Ks 


3) WARPING SHEAR STRESSES 


MAxIMUM AT ELANGE céwtees! 


Sw: 3.34 in te~ 2465 





-£E w 
Lik 2 p Se oO” 


-( (03.34 int 
29000 K51)C3.34 in'!) (- 09001328 ) a SiG ws 


AT SutPort:; = Cws = (.26 w) 
AT 3.026% Tus: 2 O00 te C 3.34 * (- C000 1773) = €605 es 


- (29006 KSC 3.34 int) 
AT Feteenp: Tus: ama oc 7s ican (s4gu3 1077) = ~ 204 gs! 





HAND- CALCULATIONS 
FOR PROBLEM & 


~ BEAM SELECTED: W8x67 
END CONDITIONS: FIXED- FREE 


— 
13 KIN /jn eC 


“L KIN/ WwW 


eed ; 
—_—_ 10 
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| SHEAR & MOMENT DIAGRAMS | 






2 5.4 bem PEE 
M, : 2 
«Lh Ken Jin i 


<—32.4 a4 
ae 


No PLANE BENDING LoaDS Of STkesszS 


IS.1Z KeIN 


54 ie 
TORSION: aeons 


W8x67 DIMENSIONS & PROPERTIES 


A = 19.7 in? Te = 2a Cu 2 JHYO jné Qr = iG in3 


d = 4.0 jr Ty = 83.6 ind a = 272in Og 2 Bo) gee 
be = 8.28 in Sx = 60.4 ind Wro = J6.9 747 c Z10C6 
tw = ST in Sy Zhan aS) Ge G = 1i200 is: 


LF .935in J = 5.05in" 


TORSIONAL STRESSES 


A. TORSIONAL FUNCTIONS 


1O8Z xg 
USE “fas °/297" = 347 
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| 


TORSIONAL Load 1 


+ "42 Law TN 
f= 
5 KIM fips 


TORSIONAL LOAD 2 


_ COMBINED ToRSIOwAL LOAD 


|) TORSIONAL LoaD 1: 





USE CASE 10 0 


Ar support: + 





mM: -,Z Pes 


F1.0 


Q". [Bl] = 30 
g' [2-2] = 5 : 
SS] = -4 9 
AT .3L(32.4"): G [I = ao 
g’.[B}] - 3 
Qa g fe 33 
Oo" [S] 2 sie 
AT FREE END: = » Bee | = 50 
go". ([S] = 6 
a ae 
OG" [SE] = 8 


4 cy vane $e <6 ee 
@ 


“12 KIN Jin 


( 


FROM O" fo 103" 


= g = 6G) 
Q" = -.900010603 
i = 0 
BE Ot 


-00 340096 


o = 
2 SD 200006106! 


"= - 0001537 


iA M) 
a Go IAS sto" 


QS O1S0966 


: gy" 2 O 

“ Q' = -,00003115 
. Wf! 

5% ph = -) 04 x J97! 





2) TORSIONAL LOAD 2: 


USE CASE 10, a: .3 


At surrorT: 
q's 
gp’ 
Qp"" 

Me SEL A24")., ) 
On 
: 

AT FREE END: 


— 
= 


HAeea 


~ = 
e o 


e e 
—_ eS 


7 
LN TINO‘ 


WZ 
Aln noe 


@ 
uA 


7 


° 
u 
2 


—r—-—o ror 
a 


| 


® 
\& 


Cus 


| 


ey 


lo 3lG 2 


Ipc 


7) 
uA 
R 


Cer 
wo F 


| 


a 
iy 


[ en 


e 


a itt 


AQ hE 


oo | 
AN 


ro ele oes} 


Je 
fa 


Me 5 le-in diy 


OOO: 5 


LQ = 
"= 442 
.Q = 

Qi 

P 

Q" 
~ @' = Oo002K64 
nie 


ee a2 
Qs 0 
Oe 





FROM O" To 32.4" 


O 


} 


i] ok. 9 vid 


= 0007848 
= -7.4956a40"7 


= 2.610% 


. Q = .00143397 


3) SUMMATION OF 6.6 gO" FOR LOADS 1 AND Z 


AT Support: (f) 
o" 


} 


\\ 


WW \l 


nt 
©) 7 


-6.19% +10 











Se C/62 50 


AT .3L (324): 

: "2 -1.8566 +/0% 
d 
D 


’ = -000/37/ 
Ww 
* PEI afo°* 
At fece ENO: =D = -.O11642 
ae Qo" 2 O 
@' = ~-.0000%7/75 ! 


Q" = -1o4s 1077 


B. STRESS CALCULATIONS 


1) TORSIONAL SHEAR STRESSES 
CA GEG on 


AT SUPPORT: = Tew = (11200 «si)(.57in) CO) = O £1 
Tere (11200 xs) (.935in)(0) = O xsi 


AT .3L (32.4"): Ct (11200 xsi) (57 in) (-..0001371) = —Q75 xs 
Tere (11200 usd 935 in)(-. 000137L = -1.436 xsi 
Tew = (11200 s:)(.57 in) (-. 00003175) = -.522 ws 


AT FREE END: 
Tere C//200 ws C.935in)(- 0000 9175) = =.956 vs 








2) WARPING NORMAL STRESSES 
, MAXIMUM AT FLANGE TIPS! 
Gws = E Whe o” Wno= 16.7 in? 


AT support: cws= (29060 H51)( 16.7 in? )(~E.188 x 10-5) * -2.997 xs} 
ar 3L (32.4): Gws = €29000 Ks.) (16.7 in?) (-1. 9566 so) = =. 999 ksi 


At Fee ENO: Gus: (29000 xs) 16.7 in2) (OD = © es 


3) WARPING SHEAR STRESSES a 
: Maximum AT FLANGE Cewters! 


Cw 2 gat pb" Sw = 32.3in? tF: 43S in 
; -(29000 £51) 32.3 int) =) ee 
AT SuPPort : Cie (.935 | a ae Gk x 18 7) 7 . 130 ee 
s 0 Ks )C 32.3 54 
At 3b 0324"). Tus ee ise) 2 = 1649 xsi 


~€29000 Ks1) € 32. Sint) 
169 077) 
Ce (935 in) (- 1043/07) 


AT FREE Enyo: 164 ESI 








HAND- CALCULATIONS 
| FOR PROBLEM 4 
“BEAM SELECTED: ClOx20 
END CONDITIONS: FIXED- FREE 


| 3" 


60° 


A~51 








SHEAK & MOMENT DIAGRAMS 


rt = 0933 “hw 








ak 
Ha» ow $45 
K 
es 35° 
SHEAR: ee ee 
MOMENT: 
TORSION: 


ape 


[C10x 20 DIMENSIONS & PROPERTIES | 


A = 5.83in? Ty = 2.31 int = Woo = 8.24? Qr = 5.04 ind 
ae 10m Sx = 15.3 in? Wnt = 3.95in Qw = 4.77 in? 
be = 2.739In Sy = 1.32ir3 Sw = 310m E = 79000 1s: 
tre = .436in J = 37 in" Swi = 2349int G = |)200 xsi 
b@= .37Tin C= 56,4 in] Sug = 1,19 in! 

Tx = 78.4ini = a = 14.9 in 
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PLANE BENDING STRESSES 


A. LONGITUDINAL BENDING STRESSES 


On M/s, 
. ~150 kn 
AT SuppoRT: OB: /15.3 = -GY9Y est 
AT aus): Ge: MSR = - 4.652 Keo , 


AT FREE END: OB: © &s: 


B. MAXIMUM WEB SHEAR STRESSES 
x. YOu fs, 
ar suereet: Zu: © XIII Mero a nu)(. 300i = ),634 xsi 


Fae | dy Ma a 
AT .3L(12"): Cw t Gs M477 0494 inv) (.377 mm) = 1/44 gsi 


Ar Free END) = Cw: © 51 


C. MAXIMUM FLANGE SHEAR STRESSES 
Cee. MON Ts 
Cr = (GICS.O4 =?) 594 int)(.436 in) = 0.738 ol 


AT SuPPoRT: 








AT .3L C18"): Cre (BSNS.04 iD (a9 4 nC. 436 in) = 0,513 esi 


AT FREE END: Cr = O xsi 


[TORSIONAL STRESSES 


A. JORSIONAL FUNCTIONS 
use La = 7/199" = 301 
|) TORSIONAL LOAD 4: Ms 30 Km AT 18" C34) 


USE CASE 9,0:.3 


ar sumer: Q+lael = 0 QO = 
go": [St] = 59 “Qe ale 
g [Bl = 0 EQ 
og” |S#"] = -10 “Qe- ee 1923 
AT 31 019°): QO: Fra = 13 Q@ = .018728 
oO" (S] = -0 db’ = - 00006184 
g' [3] eee “6! = ,001303) 
p" |S] = -92 * G" = -.00001999 
At Free Ena: «+ [$2] = .30 @ = .0 43219 
On [S33] 2 0 . = qf’ = 
ORCA > 04 0 overt 
Gla = .08 2 QD" 7.3123 3107 
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2) TORSIONAL LOAD 2 : 


e°: bo +X- twp 


= B26in + .6OCin ~ aye 
= 124 in 
. mM: we 


= 0833 "w+ 1.24 in = 
USE. CASE 10: BIO 


AT SUPPORT : g/d, 


(ei] 


aoe 


ae 
QD 
re) 
R 
{ 


i) 
uy 
— 


AT .3u 018"): 


si PKG [8 3 
35s 


| 


68 eo 


ry 


GN 
uy 
ae) 


AT FREE END: 


= 
= 


Far 


7A 3{8 3 


o 
3g 
= ESTs) 


a | 
«{ 


a 
= 


Co CCoc&. 


QUE To ECCENTRICITY OF UnlIFORM 
NIsTRIBLTED LoAD (w= 
CHANNEL SHEAR CENTER 


SOD Lets Jo 


rn iP) 





| pc) THROUGH 


Eo= 82619, X>.606 in 
tw: .399 in 


7 


FROM O” TD 60" 





0 
0000197! 
0 


= - 00000 3747 


.00 59057 
.Q0000 7456 


~ .00046939 


~ 


-_ 


"900000874 


~. 00000 1373 


.023623 
O 
,000 34623 








3) SUMMATION OF @,0'0.6" Fok LOADS 7 AND 2 


AT SuPPORT : 


AT .3L C19"): 


AT FREE ENO: 


Do = 0 
= .0002643 
o' = 0 
@" = -,00002203 
@ = .0246337 , 
@ = ~, 00005438 
On = 0017730 
. = -.00001636 
0 = 066942 
@ = 0 
b' = .000635% 
&" = .00000K05 


B. STRESS CALCULATIONS 


1) TORSIONAL SHEAR STRESSES 


AT SuPPokT: 


AT .3t C19"): 


tre .436in 


Le = Ge@ bie BG in 


Tew = (1200 ws X.377i (0) = O x0 


Ctr (11200 ws)(.436 in}CO) = Q KSI 


Zu = (11200 us )(.399 in)( 0017730) = 7526 xe 
Ter = C1200 xs.) C436 in) (0017730) = 8.658 xs 





AT FREE END: = Tew = (11200 us1)C. 379 in) (0006358) = 2.699 KsI 
Ctr (11200 vs C436 in) (. 0006358) 3.105 és 


2) WARPING NORMAL STRESSES 


' > B24 jn? 
Owes = E Wh Q' . 206 int 





AT SUPPORT: Ons, = (24000 xsi)( #.24in2)(0002613) = 63.157 Ks 
Ows, = (29000 ksi) 3.95i=2)(.0002613)* 30.276 xn 


AT .3L (13"): Ons, = (29000 ks: (9.24 m2) (-. 00005433) = 12.495 xs 
Ons, : (29000 ks) 3,95 2) C-.00009 5433) - -£229 vy 


At FREE END: ws > (29000 wsi)( 8.24 inz)C 0) =) aa 
ONS 2 - (29000 xs) (3.9502) CO) 7 O Ks 
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3) WARPING SHEAR STRESSES 


-Ee¢ tr: 436in, twe .374 in 
Case PG" Sus BIO IW, Surg = 23430", Sing = Ln! 


Ar support: Tu, = ~{2H0e0 1 103.10 ws) (-.00002203) = 4542 xs 


- €29000 2.39 j 
Twp =~ $200 wsNEZ 39159 (- 40092703) = 3.507 us 


- 29000 st LI9; 4 1 
Cog = ee (~ 00002203) = 2.006 xsi 


. 4 
At 32018"). Tu, = Cetoe SONY ~ 00001636) = 3373 Ks) 


Tivg =~ EPIDDECEST IM) (- QQOOKS6) = 260! Ks 


© — C2900 KSC 1.19 im) 7 Loder. 
ae C379 in) ( 00001636) = 1490 isi 


AT FREE END: Tan, = 22000 HSE SIO IM) COoQQyc0s) = - 331 xs 


" C.436 jn) 


- ' 349 thd 
Twa = eBid wok Z ent d 00000 /605) =— 255 “1 


: 119 ins 
Cwg = cee (00000 /cos’) = “46 gsi 











HAND- CALCULATIONS 
FOR PROBLEM 10 


~. BEAM SELECTED: Cl2x30 
END CONDITIONS: FIXED- FREE 


ee, ¢) Leen 


——___________—__|03" 











SHEAR & MOMENT DIAGRAMS |. 





3 LIN iy — <—— 


mecinigy fe . | 
See rE ad 


12 kein fiat 


No PLANE BENDING LOADS OR STRESSES 


15.12 yon 


TORSION: a 


ClZx3Q DIMENSIONS & PROPERTIES 


A = 882 in? Ty = 544 ind Wo =/!%0 in? Qe se Fst 
d = iim Se = 273 Wm = S02imt Qu = 17.038 
br = 3rin Sy = 206in3 Sa 260M E = 29000 xs: 
Lw = .5iin Fo= 865 04 Sw2 = 44) int > JIZOO xsi 
LF= Solin Cw = 151 ing Otay ele 

Ix = [16Z2int a = Zh3in 


Q 


TORSIONAL STRESSES 


A, ToRSIONAL_FUNCTIONS 


103" 
USE Uy 8 Fons" 25.07 














TORSIONAL LOAD 1. a 
22 KIN Jin 


+ 


TORSIONAL LOAD 2 | N . 
———— 
Jb SLi fin 


COMBINED TORSIONAL LOAD 





3 >> 
F Klny, Se 
: “INTIN 


|) TORSIONAL LOAD 1.0 me-.Z kiwi FROM 0" To 108" 


"USE CASE 10,0=10 


Ar support: @ ae =O d =0 
ee ae : yo Z 
ea. - ; oe 
Ih [es a Mo 2 
Q’.|S#] 2-5 "= 4.846 x10 
Orlwl = 3 2 Q) = -6193 310° 
1 {GN 2) _ a ae ‘ 
2 ine | = : 7 0. Cone 
Q". (S34) =-19 = 4.692! x10" 
AT FRee Eno: Q > [S| = 95 = -.07%6i 
| Q". [S| a 6" 0 
’, (G5.27 - (oe 4 
D im 2A 0. = eam 
)  [o32] = 4  @ = -8.7229 x07 
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2) TORSIONAL LOAD 2. m=z 5 v-wiw FROM O" 70 32.4" 


USE. CASE JO, 253 


AT SUPPORT: @ [ZB] = 0 
Q" [3] = a 
1 {63.27 . 
oF ea ~ 
Q" |S8] = -15 
AT .3L Kaa gd: [2] ae | 
Om [2] = -]y 
Q' [23.2] - - 
" es 7 
O(a} = .16 
AT FREE END: [S] | 
O(S] =o 
g@’. [22] = 0 
7 [oss] ss 
o" IS] = 0 


a8) 

= .000037]¢ 

200 

= ~_ 000003634" | 


= .00¢322 

= ~,00000 723 
= 0001534, 
= .000000387 


3) SUMMATION OF 06/6" FOR LOADS 1 AND 2 


ee ee 


AT SuPPortT: = O 
Q- - 00009542 


ob" = 1212 510% 


AT .2. 329). @ = ~.017099 
@ = -).3423 «10° 
xs : 
0: - F014 ¥ 10-4 
D = 1.35621, 10° 





At Free END: ( = -.070244 
I 


ere 
@’ = -.0004177 
"= $7229 31077 








B. STRESS CALCULATIONS 
= ee 
1) TORSIONAL SHEAR STRESSES 
Cte = Cte Lee 50) in, twe.Stin 


“ar suprokt: Tew = (11200 e-)(.51in) (O)= O ws 
Ce = (11200 xs). 5p! in) (O) = © xsi 


( 


Ar 30 (324"): Cte = (11200 vs) (.5lin) (- 40)44)0-9) = -S 1/44 kes 
Te? = C1200 ies) (Solin) (- 7.014 04) z= -S 958 ksi 


at Feend: Tew = (fl200 us )CSlin) (-. 0004172) = - 2.386 x6 
Ctr = (11200 «s:)(.50} »)(-.000 177) 22D airy ies 
2) WARPING NORMAL STRESSES 


ws = £ Wr" Wiroz Ii-7in® Wnze S02 in 








AT SUPPORT : Ous, = (24000 vss) C117 tne \(- 00004542 ) = = {54H ys) 
ws, = (29000«s)( 502i) (- 00004542) = 6.612 1s 


AT 3L (32.4"): Busy = (29000 si) Geir tl ~ 134231079) 224 S5Y ys 
Ons. = (29000 ws.) (5.02 in 2)(-1 1.3423 40%) « ~ 1954 xs 


At FREE ENO: Gus, = (29000 Ks) YONI in?) ( 0) = © ks 
Os, . (29000 val 5.02 in2)C0) = (Oxs 


3) WARPING SHEAR STRESSES. 
7a ee Sal in, tw: Slin 7 


. -E Sw am 
ee =D Su, = 6.01in 4, Sut 44 Vint Su 2.45 int 


ae aunties = - 422 xs 


AT SUPPORT: C. Solin) 


at Os ! in! 
Cu2= «290A ( 1 719 310°) = 344 xe) 


i a. (21000 es NZS in') (749 410%) = — 164 ks 


- (29000 51)C 6.0) in 
Ar ae C324). Taye” PARE EEONY (| cc 108) = 472 6s 


Cog egy eee 310%) = -.385 1s 


Cae 22000 SC 246 in HS") ( |. 3562! x {0° ‘) = — 189 ks; 


~ (29000 «51)C 6.0) in’) ; 
AT FREE ENO: Tu =e BOT aR 78.7229 3107) = 303 es 


Co: = (21000 Ks) C. 19) jn") ( ~8 92249 ve 19°?) 


~ (.80iny cae ig! KS! 
C43 * £24000 se JC IHS 093 (9.9229 107 2 er 
2 n 


A-64 





HAND - CALCULATIONS 
FOR PROBLEM 11 | 


"BEAM SELECTED: C5x4 
END CONDITIONS. FIXED- FREE 


0 IN 


{—¢-—______ 


— ee 3 
20 








SHEAR & MOMENT DIAGRAMS 


\ 
— >| 40 M-IN 
ae ea 





id 





No PLANE BENDING LOADS OR STRESSES | 


TORSION: 


40 yin 


| CSx4 DIMENSIONS & PROPERTIES 


A= 2.64 in? = Ty = .632 in! 
d = 5.0 in Sx = 3.56 in3 
be = 1.885 in Sy = .YS ind 
tw = .325 jin J = .J09 ind 
tr = .320 in Cus = 2.93 jnb 
Tx = 89m? @ = B33 in 


it 


11) 


TORSIONAL STRESSES 


A. TORSIONAL FUNCTIONS, 


USE Ege 





Who = 2.65 ine 
Wr. = 1.38 in? 
Si. =. RS dint 
Cis TS OS 
Sus 2 TS int 


42 /943"= Soy 
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Gre 2h 
Qu = 2.22 iv} 
& = 29000 xs! 
GO 14Z60. 





Et 


1) TORSIONAL LOAD 1: 


USE. CASE: 46635 


Ar supPoeT: [| = 
: a 
»)2=—| = 9 
OLS : ‘ 
@) [4 7 10 
AT BL C126"): b - [| = 42 
4 GIR] 
Gila a 
ee 
(oe cee 2) 
AT FREE END: Q «|e 2.72 
" (G3a} _ 
cn 7 ot 
0) 1] FD 
Q" (SFI = 02 


B. STRESS CALCULATIONS 





1) TORSIONAL SHEAR STRESSES 


Ge GEO: 


Me Yaum AT 126" 


.Q- 0 
“= .002%0 
i= 0 
“ Q"= -.000472 
Se ess 
“. Q'= -.001N) 
» Q= .009830 

AS 00033) 
Ds lacs 
~G=0 
. @'= .000655 

(b= 00000444 


tr:.32in, tws.32S in 


AT SurPokT: Ctw = (11200 vs: )C.325 in) (0) = 0 1e5 
Cte oe (11200 «s)(. 32 in) (0) = Oxsi 





At 3 1.6): Tee (11200 ws1)C. 325 »)(.009930) = 35°76) us 
: Tere (11200 ws:)(. 32 in) (009830 ) = 35.23) Ks 


Ar Fee END: = Cows (1/200 xs1)(.325m)( 000655) = 23QH e9 
Tere C1200 wsi)C.32 in) (000655) = 2.349 vs 
2) WARPING NORMAL STRESSES | 


Ons - E Wn g" Wino = ZES in? lng? L3Rin? 





AT SUPPORT ° Ous, = (29000 s1)( 2.65 in2.) (002950) = 726.703 Ks! 
Ows, * (29000 11) 1,38 m2 )( 0029505 = 118. 059 xsi 


AT .3L C126"): Ows, = (29000 xsi)(2.65 in@)(- Oo 1/41) = -37 £96 ps 
Ows, = 624000 ws )C1.38 in) (—, QOIIHI) = ~ YS.663 «8 


AT FREE END: Ows, = (29000 ws) 2.65 in2) ( 0) = O gs 
Ons, = (29000 C138 i200) = O xs 








3) WARPING SHEAR STRESSES 
| : tre 32in, tye 3259 


~E Sw 
Cus? a an er Sw, = 18 in Sg? 3Sin¥) Sway? 175 int 


AT SuPPORT: = Cy, * “L21000 Ks HB iW!) ( ~ 09477) =:  LOLGSE ku 


-(29 235 ibd 
be £29000 KsE35") (- O99 492) = IYO! Kesi 


~ (29000 Ks1)C .175 in’) 7 | 
91000 Ks1)C.175 (-.000472) = 7.370 xs: 


Coss (.325 in) 


iN} 


- (29000 Kst)C 48 in" 
AP aLCTE)! Ge £21000 ead Bin) 000331) = 14.394 Ks: 


- (29000 451)C.35 in’) , as 
Cue £29000 ws1}0-38i"}(_ 993) Sic POCA SE Ia 


mae P75 int 
Ty = —LetbO SEIS ooossi)= S164 Ks 


AT FRIEENO: Tw, = £24000 150-8 ) ( 00000944) =~ YdT ies 


-{ q (, 5 intl 
Tan = BROS) ocg00944) = 204 40 


Cos8 21000 «9175 O9900 444) Sé JY ies 





HAND- CALCULATIONS 
FOR PROBLEM [a 


~ .BEAM SELECTED: MC 18x42 
END CONDITIONS: FIXED - FREE 





Maz S16 kta 


Oa 


Raz-2" 


——> 
4 eN [iw 


—_—____— 6 — 





SHEAR & MOMENT DIAGRAMS 








SHEAR: 
nk 
S76 k-ln 
394 van) 
MOMENT: 
TORSION: 


38.4 Bla ji 


MC 18x42 DIMENSIONS & PROPERTIES 


A = 12.6 In? 
d = [9 in 
be = 3,95 in 
ti = 4S in 
Er = .625 In 
Tx = 554 ind 


= 


Ey an? 
616 ins 
4.69 ind 
|.23 id 
852 ind 
42.> fh 


= 27.0 int 
= ]0.Y jr’ 


17.4 in" 


= 13.5 ind 
= 676 in’ 





Qr = 4.7 jn3 
Qw 7 374 i03 
E = 29000 «s 
G 7 1200 Ks 








PLANE BENDING STRESSES 


A. LONGITUDINAL BENDING STRESSES 
Oa: Me /s,. 
AT Support: Os = 26" /eiem3 = 9.35) Ks! 
At .si(%"): Gas 2844/6) 6 ind = 6234 tsi - 


AT FREE END: © -0@ = O xsi 


B. MAXIMUM WEB SHEAR STRESSES 


Cine VO Tg 
AT soreoet: Tw 2 29C324 O/C 5cy in) 45 in) = -. SOY! Hs 
AT 5.96"): Cue C-24)C 374 ind) /¢ 554 mC .4Sin) = — 304 Ks 


- J 4 N 
At FREE END: Cw a 9637.91) (sey inv )C.4Sin) = -,Co8t 


C. MAXIMUM FLANGE SHEAR STRESSES 
SSS eee —;—;—z;z_q_—e——_ 
r= VOr/ Tee 


AT SupPoRT: = CF C2°NCI9.7 M/C 554 94) (625i) = SSP les 
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At 5LC496")2 Tre CB NITY couse ¢25n) = — 1138 Ks 


AT FREE END: Tee C4 DCILT ind) /( 5S5Y int) (6258) = -.2276 ws 


TORSIONAL STRESSES 


A. TORSION FUNCTIONS 
Use “/a= 92 Ly 30 - 4sy 
) TORSIONAL LOAD 12 m=: .4“"Iw FROM 0" 10 96° 


USE CASE 10 o:.5 


AT SuPPORT: [iar | = 0 ou (gee 
gO [S] = 126 ~ @ = ..000034493 
g' 9-2] = 0 ~ 0 = 0 
ne [e34 ] 2 2725 e go" = ~ 1599,10°¢ 
AT.5L (96"): gh [Se] = ay 7 @ = 04884 
g 12] = -2 Lge -75aqu ses - 
Q- ig i: Rae : = 00030706 
Olea. oS). 25 : = TI) +107 
AT FREE END: @ (S| oat Af) SO) = 206254 
O' [F] = 4 26 20 
o' [2-2] =) . @Q' = .0000614 
p' [S] <0 oO =O 
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2) TORSIONAL LOAD 2: DUE To ECCENTRICITY OF CONCENTRATED 
| | LOAD (P= 2&4) THROUGH CHANNEL 
SHEAR CENTER 


C= fo +x- Yh Eos Lidin, Re $TIin, bas 4S ie 
LAS G0 
= 1194-871 oS 
= | BY in 


. Me Pe, = (2° M.84in)= 36g ue DB ar 96" C2) 


USE CASED a=.5 


. 163 
AT SupPorRT: QD Lie | = 0 = 0 

[Stl = 4 Ore eS SsTia ~~ 

g' [Sal = 0 b'= 0 

gr [He] 2-15 "= 1.44924 x10 
AT 5. (96"): Qs [st | = 46  Q = ~.0 1085 

OC re er 

go" [SF] =~.  Q" = 9.9577 x07 
AT FREE END! Qh [S| SiG @ = 

aes = 9 : ae O 

0. sa? : _ O Cac uales 

OIE] = 05 Ge ci ae 








3) TORSIONAL LOAD 2 ° 


AT SupPorT : 


AY Sh C96): 


AT FREE END: 





DUE TO ECCENTRICITY OF CONCENTRATED 
LOAD (P=4* t) THROUGH CHANAIEL 


GHEAR CENTER. 


Mz Pes = C4K)C) 94) = 236 ew —G— ar 192"Ci1) 


USE CASE 9,021.0 


=a eu) 

EO 

= 
| 


~ 


© 


eo. 2. 
Lsonemmeeee | NGO E Recess | seen | 


CEC eae 
Wasa ae se 
yA 
! 
Ow 


~ @ = 1.2630 y10°3 
) 

ae (eae 6 

SQ 2 S20. 

= .02825 

«= 15156310 


| : a 
enh = 4B0 AS 

} 
Qo = ~2.9859 37078 


= 07345 
fT 
= © 
! « 
Gh = 5.2358 x10~ 
ff 
() = -5.97i8 107 


y tt U my} _ 
}) SUMMATION OF 0,000" For Los0s 1.2. AND 3 


AT SUPPORT: 


O36 
OD" = Qo0046S6 
b' => oO 


i! 


Dd = -~1693310% 
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AT .5L (96") : 0) = .06624 
: ("= -3507740" 

Q’ = .QO0O6SI! 
DY = 231328 31077 

AT FRE ENO: QD = .12042 
d= oO 
@' = (00005636 
Oo" = ~1.7916 y108 


B. STRESS CALCULATIONS 
1) TORSIONAL SHEAR STRESSES ee 
Cex Gt Q' tre .625in, tee 45h 


AT suppokt: Tw = U1200K)C.45imn)(O0) = O we 
Tee = (11200 est) (.6251n)(0) = O xs! 


1 


At S.C): ty = (11200 w5)C.45in)( 0006s) = 3433 es 
Cir = (11200 v1) (.625in)(. 0006211) = 4.963 xs: 


AT FREE Evo: Tew = (1/200 vs) (45 jn) (. 0000 5636!) = 284) si 


Ter = C1200 «00.625 iC. 0000 56%!) = 3.995 xsi 
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2) WARPING NORMAL STRESSES 


Cus = Ewe Wno = 22 in?, Wn, = 10.4 in? 





AT SuPPORT: Grn, = (29000 «1 )C 22 in2)(. goooyess) = 24.705 vs 
Ow = (29000 s)(70.4 in2).0000 4656) = 14 O42 xsi 


AT SLEW: Ow = (29000 xsi) 22 in?) (-3. 507741079) = -2.232 us 
wg = 629000 ns)(10.4 in?)(~3,50775 10°) = 1.058 ks 


AT FREEND: Ow, = (249000 vs,)(22in?)(O) = O tes 
Ow, = (29000 Ks:)U10.4 jn) (Q ) SC) tsi 


3) WARPING SHEAR STRESSES 





=F Su fs rc t 
Cast =O Sw TAIN, Sng? IBSint, Syn 26 hint 


~ €21000 151) C17.4 int) ; 
AT SUPPORT: — Cg 3 ee (16933 10%) = LC es 


~ (29600 Ks1)C13.5 jy¥) 


Cus. (.625 in) 


(= 16953. 10°S) = CE! 151 








Toseg = PID NEE int) (1.0933 4 10°6) >. 738. 


| ~€2.1000 Ks) (17.4 jr! é 
AT SUC: Cus). > CATO TAI (737398 0) = 157 ksi 


- (29000 x51) (13.5 in) 
Cus = a ooo aa (2.31328 s1077) pawe eae <7 


~ £29000 Ki 676 jn : 
Case & LAO IE Hi) (7 553785197) S21 Oy fe 


~ 7029000 es) C174 in) 4 5916 x10 


-3\_ | 
(262547) pe QE RS 


AT FREE END: Cus, 


>  _ ~ (24000 Ks) C13.5 int fies 
Cws, = C200 eC. (~ 1.7916 s10°8) = Oll tes: 


To 3 ~ (29000 1¢5:)CE.76 i" 
WSa, ~ i. <6 oe 


‘) : ok 
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We ghere ss at 


APPENDIX B 
TORSION ANALYSIS CASE CHARTS 


from Steel Design File, Torsional 
Analysis of Rolled Steel Sections 


Bethlehem Steel Corporation, Bethlehem, PA 
Copyright 1963 


Case Chart End Conditions Torsional Load Type Load Vacation 
GaSHRS ee Tee CRS yao en ee nae Hanne sere aaeesteace Senne c renee staan Wee aes 
Case 3 (X=.1) Pinned-Pinned Concentrated .lL of member 
Case 3 (K=.3) Pinned-Pinned Concentrated .3L of member , 
Case 6 (K=.5) Fixed-Fixed Concentrated .5L of member 
Case 7 Fixed-Fixed . Ojstributed Entire length 
Case 9 (K=.3) Fixed-Free Concentrated .3L of member 
Case 9 (K=.5) Fixed-Free Concentrated .5L of member 
Case 9 (XK=.7) Fixed-Free Concentrated .7L of member 
Case 9 ((=1.0)} Fixed-Free Concentrated At free end 
Case 10 (C{=.3) Fixed-Free Distributed Prom @. to. «3b 
Case 10 (%=.5) Fixed-Free Distributed From C to .5L 
Case 10 (MH =.7) Fixed-Free Distributed From 0 to .7L 
Case 10 (Q=1.0) Fixed-Free Distributed Entire length 
Case 12 Fixed-Pinned Distributed Entire Length 
B-1 
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APPENDIX C 


"TORSION" PROGRAM INPUT FILES 
AND OUTPUT PRINTOUTS 


Problem No. Beam Selected End Conditions 
1 W14x109 Fixed-Free 
2 W14x159 ; Pinned-Fixed 
3 W12x79 | Pinned-Pinned 
4 W14x90 Fixed-Fixed 
5 W8x15 Fixed-Free 
6 W10x49 Fixed-Free 
7 W6x15 Fixed-Free 
8 W8x67 Fixed-Free 
9 C10x20 Fixed-free 
10 C12x30 Fixed-Free 
1] C5x9 Fixed-free 
12 ~ MC18x42 Fixed-Free 











"TORSION" PROGRAM INPUT FILE 


Problem: 1 
Beam Selected: W14x109 
End Conditions: Fixed-Free 


'W-FLANGE' 'W14x109' 
32.0 0.525 0.860 
14.32 14.605 

447.0 61.2 

1240.0 173.9 

7.12 29000.0 11200.0 
300.0 

3 

0.0 210.0 300.0 

10.0: S50). 0.0 

=102.5. 0.0. -1050.0 
'FIX-FRE' 

2 

22050: O20. “25.005 - 0.0" 150% 
300.0 -10.0 0.0 0.0 0 
0.0 0.0 0.0 





PROBLEM 1 


INPUT DATA 


WIDE FLANGE SECTION W14X109 


AREA: 32.0600 THY: 5250 THE: 8600 
ly: 447,0006 SY: 61.2000 TW: 1240,0000 $2: 173.0006 rn 14, 6030 
J: 7.1200 CW: 20224.6900 WI: 49,1458 

SH2: 154.3216 E: 29000. 0000 G:  11200.0000 


QY2: 40.7461 QY4; 34.3434 12: 22,9008 
LENGTH: 300. 0000 


SECTIONS HHERE STRESSES ARE TO BE CHECKED 
6000 
210.0000 


300. 0000 


i) 
} 
(2 


LEFT-END FORCES 


Fk: 10.0000 FY: 


MX: -- 102.5000 ny 


1.SE7 OF APPLIED CONCENTRATED LOADS ARE AT 


FX: 9000 FY 


MX; 30.0000 MY: 


2 SEL OF APPLIED CONCENTRATED LOADS ARE AT 


FX: -10.0000 FY; 
MX: 0000 NY: 


UNIFORM LOAD ON MEMBER IN Y-DIR 


WY; 0000 LAY: 


UNIFORM LOAD ON MEMBER IN 2-DIR 


KI: 0000 LAL: 


UNIFORMLY DITRIBUTED TORSIONAL LOAD 15 


WY: » 2900. UY: 


MEMBER END CONDITIONS ARE 


FIX-FRE 


5.0000 


“3, 0000 


210.0090 


Fl: 0000 
His -1050,.0000 


210.00 INCHES FROM LEFT END 


rus 0009 


H2: 0000 


300,00 INCHES FRON LEFT END 


Fl: 0900 
M7: 0000 
LBY: O008 
LEl: 9004 
C-4 





QISTANCE FROM LEFS ENO OF MEMBER TO SECTION UNDER EXAMINATION 1S £0099 | 
SFY = - 5, 0600 FD = 0000 i 
SHY2 = ~. 1910 uY4 = ~. 7233 
SH12 = 0000 
BHY = 0000 WNT = 1050, 0000 
BSYI = . 0000 aSZL = -6.0694 
AXSTR. = -.3125 


TORSION HONENT = 50.0000 LOCATION = 210.0900 
PHI= ,00000E+00 PHIL= .00000E+00 PHI2=  .67439E-05 PHI3= -.B9Z49E-07 


fOR. SHR. WEB = 000000 TOR. SHR. FLANGE = 900000 
WARP. SHR, STR. = 443625 WARP. NOR. STR, = 9.611619 


UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = = 25000000 ENDING AT 210. 00000 FROM LEFT EXO 


PHI= . Q00Q0E+00 PHIT= , 00000E+00 PHIZ= AB 314E-05 PHI3= -. 895128 -97 


TOR. SHR. WES = + 090000 TOR, SHR. FLANGE = «100000 
WARP, SHR. STR. = 465807 HARP, NOR. STR, = 6. 685823 
COMBINED TORSIONAL INDUCED STRESSES 

TOR. SHR. WEB = 000000 TOR. SHR. FLANGE = «000000 
WARP. SHR, STR. = + 309432 WARP, NOR. STR. = 16.497440 





Pg a fig Ng a Ee eS ee Ike ee ee = eee aia be eae 


NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
i -6.331864 -16, 497440 -22,879310 
3 “6.381864 16.497440 10. 115580 
5 5.756864 16. 497440 29, 954310 
7 5.756864 -16.497440 -10.740580 


SHEAR STRESSES (KS!) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
2k ~.191045 409432 718397 
2R 191045 302432 1.100477 
4L ~.729258 000000 -.729258 
4R -, 129258 900000 ~. 729258 
6L 191045 ~. 909432 ~.718387 
6R ~. 191045 -,909432 “{. 100877 

POINT LOCATIONS OF COMPUTED STRESSES 

+ 
l 
I 
a 
penseanenseaseten ten: 
X 
x 
Y 
x 
x 
x 
x 
t(-02222-2- 4L-X 4a 
x 
x 
x 
x 
i 
x 
x 


AXAAX AXA AX AKAN LANE 


3 


6L 


6R 7 
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OISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION 7S © 210, 0009 


SFY = -5,0000 SFI = 0600 
SHY2 = -.1910 SHY4 = ~, 7293 
SH22 = 0000 

BHY = 0000 BMT = 2106. G00¢ 
BSY1 = 0000 9571 = “12.1387 
AXSTR -= -.3125 


TORSION MOMENT = 50.0000 LOCATION = 210.0000 
PHI= .62399E-0! PHIL: ,29348E-03 PHYZ= -.26745E-05 PHI3= -. 453472 -07 


TOR. SHR. WEB = 1.725642 | TOR, SHR. FLANGE = 2.826756 
WARP, SHR, STR. = » 230982 WARP, NOR. STR. = 3.811879 
UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = © .25000000 ENDING AT 210.00000 FROM LEF 


PHI= ,27839E-01 PHIL= .85849£-04 PHI2= -.78235E-06 PHIS= LG 72E-07 


TOR, SHR. WEB = 904769 TOR. SHR. FLANGE = 826859 
WARP. SHR, STR. = - 060738 WARP. NOR. STR. = -£, 115034 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB = 2.230411 TOR. SHR. FLANGE = 3.653625 
WARP. SHR, STR, = 173244 WARP. NOR, STR, = 4.926513 


NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS i ee 
1 -12, 451230 4.926913 -7.524315 
3 -12.451230 -4.326913 -17.378540 
5 11.826230 -4,926913 6.829315 
? 11826239 4.926913 16, 793440 


SHEAR STRESSES (KS!) 


POINT WITHOUT TORSION TORSIGH ONLY COMBINED STRESS 
2L =. 191045 3.828870 3.637825 
2R 191045 3.828870 4.019915 
4 -.729258 “2.230411 -2, 959664 
4R -.723258 2.230411 1.501152 
él 191045 -3,.828870 -7,637625 
6R =. 191045 -3,828870 “4.01995 

POINT LOCATIONS OF COMPUTED STRESSES 

+ 

I 

I 

i 
! ZL 1 28 3 
peneeeanenencattatey 

i 

x 

x 

X 

x 

$](eneneenee 4L-¥ AR 

X 

\ 

X 

x 

x 

x 


Peoeseocoooceccconce: 
s] 6 bE 7 








OISTANCE FROM LEFT ENO OF MENGER fO SECTION UNDER EXAMTHATION 1S 300.0090 


SFY = - 0000 SFL = 000 
SHY2 = 0000 SHY4 = 0000 
SH1Z = 5000 
BHY = 0060 WM? = 2100, 0000 
gSY1 =: 0000 aS7I = -12,1387 
AXSTR =. ~.3125 


TORSION MOMENT = 90.0000 LOCATION = 210,0006 





PHI= .B2070E-0! PHIS= .18307E-03 PHIZ= Gi 209E-10 PHIG= , 24890E-07 
TOR. SHR. WEB = 1.076437 | TOR, SHR. FLANGE = 1.763307 
WARP, SHR, STR. = ~. 129826 WARP. NOR, STR. = 065044 


cn c 


UNIFORMLY DISTRIBUTED TORSIGNAL MCNENT = = 625008000 ENDING AT Z10,00900 FROM LEFT END 


PHI= .33592E-01 PHiL= .S33508-04 PHI2= J SL2SYE-il PHIG= 7 Z8C7E-C8 


TOR. SHR. WEB = »3ida7t 708, SHR. FLANGE = 519783 
WARP, SHR, STn. = ~. 037888 WARP. NOR. STR. = 090053 


COMBINED TORSIOMAL INDUCED STRESSES 


1.391308 TOR, SHR, FLANSE = 2.27908 
-.167413 WARP, NOM, SER, = £00009 


TOR. SHR. WEB 
WARP, SHR, STR, 


§ 
5 
7 











NORMAL STRESSES (X51) 


POINT WITHOUT TORSION 
! “=12,451230 
3 ~12.451239 
5 11.826230 
] 11.826230 

SHEAR STRESSES (KSI) 

POINT HITHGUT TORSION 
aL 000000 
2R 000000 
al 000000 
4n 000000 
él 600000 
6R 000000 


POINT LOCATIONS DF COMPUTED STRESSES 


1 
XXXNXXX 


TORSION ONLY 


-. 000057 


000057 


000057 


-,000037 


TORSION © ONLY 


2.111682 
2.111682 
-1,391208 
1,391208 
-2, 111682 
-2, 111682 
ry 
I 
I 
I 
2L 1 ZR 3 
UX KRALL Y 
X 
x 
X 
t 
X 
X 
X 
4L-X 4R 
X 
X 
k 
q 
X 
4 


x 


ebepeoooecvocercocee: 


Ny 


6L 


6R 7 


COMBINED STRESS 


-12,451250 
-12.451170 
11,8262590 


11,.826179 


COMBINED STRESS 


2.111682 
2.111682 


-1.391308 


~Z. 111682 


~2. 411682 








"TORSION" PROGRAM INPUT FILE 





Problem: 2 
Beam Selected: W14x159 
End Conditions: Pinned-Fixed 


'W-FLANGE' = 'W14x159' 
46.7 0.745 1.19 
14.98 15.565 

748.0 96.2 

1900.0 254.0 

19.8 29000.0 11200.0 
432.0 

3 

0.0 108.0 432.0 

0.0 7.59 0.0 

“54.0 0.0 0.0 
'PIN-FIX' 
0 -12.0 0.0 0.0 0.0 0.0 
0.0 
0.0 





INPUT: DATA PROBLEM 2 


HIDE FLANGE SECTION W14X199 





AREA: 46.7000 THY: 7490 THF: 1.1900 
TY: 748.0000 SY: 96.2000 Iz: 1900.0000 Sl: 294. 0000 1D: 0600 
J: 19,8000 CW: 95905. 8900 WNL: 93,6603 
SH2: 248.4789 E:  29000.0000 6G: 11200.0000 
QY2: 60.7994 Q¥4; = 142.496! G22: 39.9340 


LENGTH: 432.0000 


SECTIONS WHERE STRESSES ARE TO BE CHECKED 
0006 


108. 0000 


432.0000 








LEFT END FORCES 


FX: «0000 FY: 7.5900 
MX: -54,.0000 MY: 0000 


{ SET OF APPLIED CONCENTRATED LOADS ARE AT 


FX: 0000 FY: -12,0000 
MX: 0000 MY: 0000 


UNIFORM LOAD ON MEMBER IN Y-DIR, 


WY: 0000 LAY: +0000 


UNIFORM LOAD ON MEMBER IN 2-OIR 


Wl: 0000 LA2: 0006 


UNIFORMLY OITRIBUTEO TORSIONAL LOAD 15 


WX: - 2500 


MEMBER END CONDITIONS ARE  PIN-FIX 


Fl: 
Nl: 


108.00 INCHES FROM LEFT END 


Fl; 
MZ: 


LBY: 


LBZ: 


C-13 


«0000 
0000 


+0000 
«0000 


0000 


0000 





DISTANCE FROM LEFT END OF MEMBER 10 SECTION UNDER EXAMINATION 1S 


SFY = * -79900 SFZ 
SHY2 = -. 204) SHY4 
SHZ2 = «0000 
BMY = 0000 BH2 
BSY1 = 0000 8521 
AXSTR = 0000 
UNIFORMLY DISTRIBUTED TORSIONAL MONENT = = .2900 
PHI= .00000E+00 PHIL= .13633E-03 PHI2= .4277BE-13 
TOR. SHR. WEB = 1.137506 TOR. SHR.- FLANGE 
WARP. SHR. STR. = 058842 WARP. NOR. STR. 


COMBINED TORSIONAL 


TOR. SHR. WEB 
WARP, SHR. STR. 


INDUCED STRESSES 


1.137506 
098842 


TOR, SHR. FLANGE 
HARP, NOR. STR. 


0000 


. 0000 


~. 7641 


0000 
0000 


PHI3= -.16323E-67 


1.816936 
000000 


1.846956 
000000 





NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS oe 
! 000000 000000 000600 
3 000000 000000 090000 
5 000000 000000 000060 
7 000000 060000 000000 


SHEAR STRESSES (KS1) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
2k - 204099 1.915799 1.711700 
2R 204093 1.915739 2.119837 
4t ~,764073 1, 137506 1.901579 
4R -, 784073 1.137506 373433 
él 204099 1.915799 “1.711706 
6a -,204039 1.915739 2.119897 


POINT LOCATIONS OF COMPUTED STRESSES 
+Y 
] 
I 
] 
I 
1 2l 1 ZR 3 


AXEXAXXAXAXAAAAA AAA AX 
X 


~~ 
~— 
~ 
s 
‘ 
i 
' 
t 
' 
t 
' 
' 
~ 
— 
‘ 
~< > >< >< >< me mK DK >< OO >< De > 
~ 
=a 


x 
AXA AAXAXAX AXA AA AAA KX 
9 6lL OBR 7 





DISTANCE FROM LEFT ENO OF MEMBER iO SECTION UNDER EXAMINATION [5 108.0000 


SFY = . -2.5900 SF2 = 0000 
SHY2 = -, 2041 SHY4 = ~,7641 
SH22 = . 0000 
BAY = 0000 BHZ = 819.7200 
BSYI = 0000 gSZ1 = ~3.2272 
AXSTR = . 0000 
UNIFORMLY DISTRIBUTED TORSIONAL MOMENT =  — .2500 
PHI= .12334E-01 PHIL= .77173E-04 PHI2= -, 86267E~06 PHI3= -, 28600E-08 
TOR, SHR. WEB = 643927 TOR. SHR. FLANGE = 1.028559 
WARP, SHR, STR. = 017318 WARP. NOR. STR. = ~1,342438 
COMBINED TORSIONAL INDUCED STRESSES 
TOR. SHR. WEB = . 643927 TOR. SHR. FLANGE = 1.028555 
WARP, SHR. STR. = 017318 WARP, NOR. STR. = “1.342498 





NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONY COMBINED STRESS cece ete 
i 3.227244 1.342438 “1.884805 
3 3.227244 “1.342438 “4569682 
5 3.227244 “1.342438 1.884806 
I 3.227244 1.942498 4.569682 


SHEAR STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS cece ween 
al -, 204099 1.045874 841775 
aR 400) 1.045874 1.249972 
4L -,764073 643927 1408001 
4R 184073 843927 120145 
6 204099 1.045874 841775 
6R -,204099 1.045874 -$,249372 


POINT LOCATIONS OF COMPUTED STRESSES 
tY 
I 
I 
I 
I aU 1 2R 3 


eocooneoevesecccrces: 
X 


oe 
~ 
~ 
a 
2 
ry 
' 
t 
‘ 
t 
r 
7 
~ 
pon 
t 
~< >< >< >< >< me >< >< HK >< OK OK OK 
> 
= 


X 
eeebeecceccccoocrcons 
bs) 6l GR 7 


DISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION 1S 432.0000 


SFY = 4.4100 SF2 = 0000 
SHY2 = L186 SHY4 = 4439 
SH22 = 0000 
BMY = 0000 BN2Z = ~603, 1159 
BSY1 = 0000 BSU1 = 2.3981 
AXSTR =. 0000 
UNIFORMLY DISTRIBUTED TORSIONAL HOMENT = = .2500 
PHI= .72407E-07 PRIJ= 10643E-11 PEIZ= .29064E-09 PHIS= .O9098E-07 
TOR. SHR. WEB = 000000 TOR. SHR. FLANGE = + 090000 
WARP. SHR. STR. = ~.357860 WARP, NOR, STR. = 4,922869 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. HEB = + 000000 TOR, SHR. FLANGE = 000000 
WARP. SHR. STR. = -.357860 WARP, NOR, STR. = 4.922665 





NORHAL STRESSES (KS1) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS oe 
t . 2.398110 ~4,522865 ~2.124755 
3 2.998110 4.922865 6.920375 
5 ~2.398110 4.522865 4.124755 
7 -2,338110 ~4,522865 “6.920975 


SHEAR STRESSES (KS]) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS — 
2L 118587 ; -, 397860 ~. 239273 
aR 118587 -,957860 -,A76447 
4L ; «443948 . 000000 | 443948 
aR , 443948 000000 443943 
él -, 118587 357860 239273 
6 118587 357860 476847 


POINT LOCATIONS OF COMPUTED STRESSES 
+Y 
] 
I 
I 
I 
j ZU 1 ZR 3. 


MAXX AAXM AXA AKA AKL 
x 


~< >< et >< >< eC > OK >< > OK OD eK 
~ 
= 


x 
XXX AXX AAA AAA AA AAY 
k) fl GR 7 








"TORSION" PROGRAM INPUT FILE 


er 


Problem: 3 
Beam Selected: W12x79 
End Conditions: Pinned-Pinned 


Om mmm mee wee wee eee LL Le ee 


'W-FLANGE' 'W12x79' 
23.2 0.470 0.735 
12.38 12.08 

216.0 35.8 

662.0 107.0 

3.84 29000.0 11200.0 
360.0 

4 


0.0 26.0. 252.0 360.0 

0.0 0.0 0.0 

6145 020 0.0 

"PIN-PIN' 

2 

36.0 0.0 0.0 0.0 60.0 0.0 0.0 

252.0 0.0 0.0 0.0 25.0 0.0 0.0 
0 0 0 
-0 0 0 
0 


Sane eee el onl a ole ell ele oe ee 


INPUT DATA 


HIDE 


AREA: 23.2000 
TY; 216.0000 


J: 3.8400 
SW2: 78,0622 


ay2: 24,8427 


LENGTH: 360.0000 


SECTIONS WHERE 
«0000 

36.0000 
292.0000 


360.9000 


PROBLEM 3 


FLANGE SECTION W12%73 


THW: 4700 
SY: 39,8000 


Ch:  7320.7550 
E: 29000. 0000 


QY4: 98.6837 


STRESSES ARE TO BE CHECKED 


THF: 7390 
It: 662.0000 


ANI: 33.1679 
6: 11200,0000 


22: 13.3867 


C-21 


St: 


107,0000 


LEFT END FORCES 


FX; . 0000 FY: 0000 Fi: 0000 
MY: 61.5000 NY: 0000 ML: 10069 


1 SET OF APPLIED CONCENTRATED LOADS ARE AT 36.00 INCHES FROM LEFT END 


FX: 0000 FY: +0000 Fi: 0909 
MX: 60.0000 HY: 0000 Mi: 0609 


2 SET OF APPLIED CONCENTRATED LOADS ARE AT 252.00 INCHES FROM LEFT EXO 


FX: 0000 FY; 0600 Fl: 0060 
MY: 25.0000 MY: +0000 Mi: 0000 


UNTFORM LOAD ON MEMBER IN Y-DIR 


WY: +0000 LAY: 020 Lays © 0920 


UNIFORM LOAD ON MEMBER IN Z-DIR 


Wl: +000 LAL: 0009 (82: 0609 


UNIFORMLY DITRIBUTED TORSICNAL LOAD iS 


WY: 0000. 


MEMBER END CONDITIONS ARE = PIN-PIN 








OISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION IS 


SFY = 0000 Srl = 
SHY2 = £0000 SHY4 = 
SH2Z = £0000 
HRY = £0050 THT = 
BSYt = 9000 BSI} = 
AXSTR = £0000 
TORSION MOMENT = 66,0609 LOCATION = 36.0000 
PHI= .00000E+00 PHIl= .41989E-03 PHIZ= .COGQOE+00 
TOR. SHR. WES = 2.210283 TOR. SH9, FLANGE = 
WARP. SHR. STR. = 521427 WARP, NOR. STR. = 


TORSION MOMENT = 
PHI= , QO0Q0E+00 


TOR. SHR. WEB = 
WARP, SHR, STR. = 


COMBINED TORSIONAL 


TOR. SHR. WEB = 
WARP. SHR. STR. = 


25.0000 L 
PHIi= 


ac 
ois 


837199 
005579 


INDUCTED STRESSES 


3.047444 
231006 


C 
fn 
j 


A 


0 


qT 
3E 


re) -93 


ON = 252,006 
PHIZ= 


TOR. SHR. FLANGE 
WARP, NOR. STR. 


TOR. SHR. FLANGE 


WARP, NOR. STR. 


O0000E+00 


C22 


~ 








0060 


0000 


A900 


0600 
0500 


Pigs 


496916 


«000009 


760684 
060000 


NORMAL STRESSES (KkS1) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
! 000000 000000 000008 
3 000000 000000 000000 
5 000000 000000 000000 
7 00000 000009 000000 


SHEAR STRESSES (KS!) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
2k 000000 5.256630 5.296690 
2A 000009 5.296630 5.29660 
4 000006 -2.047444 ~3.047444 
42 000009 3.047444 3.047444 
6L 000000 -5, 246690 “5, 296659 
6R 000000 “5, 196650 -§. 23660 


POINT LOCATIUNS OF COMPUTED STRESSES 


= 
~< 


With 3 
papeneeeseeesent eee! 
t(oeeceeeee 4L-X 4R 


mS o> eK RK PK HK mE De mK DE mK DE mK mE RK Re me ee 


X 
TXOOOOOODOOOY 
x) 6L GR 7 


C-24 








DISTANCE FROM LEFTY END OF HENSER TO SECTION UNDER EXAMINATION 15 36.0000 


SFY = - «+ 0000 SF2 = . 0900 
SHY2 = +0000 SHY4 = 0000 
SH2Z = 0000 

BHY = +0000 EMZ = 0000 
BSY{ = «0000 aS2t = 0000 

AXSTR = 0000 


TORSIGN MOMENT = 69.9000 LOCATION = 36.0000 
PHI= .1378ZE-01 PHI{= .30776E-03 PHI2= -,63648£-05 PHIS= -. (9201E-G6 


TOR. SHR. WEB = 1.620063 TOR. SHR, FLANGE = 2.939912 
WARP. SHR. STR. = .591386 WARP, NOR, STR. = 6.491257 


TORSION MOMENT = 25,0000 LOCATION = 252.0000 
PHI= .S7007E-02 PHIL= , L3697E-03 PHIZ= -. {1692E-06 PRIS -.30Z73E-09 


TOR. SHR. WEB = 826313 TOR. SHR. FLANGE = 1.252212 
WARP. SHR. STR. = 010864 WARP. NOR. STR. = ~. 119248 


COMBINED TORSIONAL INDUCED STRESSES 


2.446382 TOR. SHR, FLANGE = 3.825725 
602250 WARP, NOR. STR. = 6.510505 


TOR. SHR. WEB 
WARP, SHR. STR. 





NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY 
! 000000 6.610505 
3 «000000 -6.610505 
5 000000 “6.610505 
7 «000000 6.610505 


SHEAR STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY 
aL 000000 4.427975 
2k 000000 4.427975 
Lo 000009 ~2, 446382, 
4R 000000 2.446982 
6L 000000 ~4,427975 
6R 000000 ~4,427975 


POINT LOCATIONS OF COMPUTED STRESSES 
ty 
] 
I 
] 
I 
! 2L 1 ZR 3 | 


AXXAEXXAAAAX LAX AXAAAAX 
x 


+ 
~ 
~ 
' 
' 
' 
' 
. 
' 
' 
1 
' 
a 
pa 
' 
>< >< >< >< >< >< > >< OK > OK oe > 
=~ 
= 


x 
XXXAXXAXA AXA AXA ALA AX 
h] SL O6R 7 








COMBINED STRESS 


6.610305 


-§. 610509 


-6.610505 


6.610505 


COMBINED STRESS 


4.427975 
4.427375 
2, 446382 
2.446982 
4.427979 


-4,427975 








OISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION 1S 


SFY 


SHY2 
SH22 


BMY 
BSY! 


AXSTR = 


TORSION MOMENT = 
PHI= ,13682E-0! 


TOR. SHR. WEB = 
WARP. SHR. STR. = 


TORSION MOMENT = 
PHI= .24483E-0} 


TOR, SHR. WES 
WARP, SHR. STR. 


COMBINED TORSLONAL 


TOR, SHR. WEB = 
WARP, SHR. STR. = 





INDUCED STRESSES 


PHIL= -, 11788E-03 


0000 
0000 
. 0000 
0000 
0000 
0000 
60.0000 
- 620541 
~.013493 
25.0000 


-.542465 
173106 


-1, 163006 
199613 


LOCATION 
PHIL= -,10305E-03 


SF2 


SHY4 


HH1 
S21 


LOCATION = 36.0000 
PHIZ= -. 28060E-06 


TOR. SHR, FLANGE 
WARP, NOR. STR. 


= 252.0000 


TOR. SHR. FLANGE 
WARP. NOR. STR. 


TOR. SHR. FLANGE 
WARP, NOR. STR, 


oe 


PHIZ= -,39427E-05 


292.0000 


- 0000 


9000 


. 0000 
0000 


PHI3= ,4380BE-08 


~. 97042! 
~, 286174 


PHI3= -.56203E-07 


~. 848323 
4.021075 


1.818743 
4.307246 





NORMAL STRESSES (KSI) 


POINT 


WITHOUT TORSION 


«000000 


000000 


000000 


000000 


SHEAR STRESSES (KSI) 


POINT 


oR 


WITHOUT TORSION 


000000 


000000 


000000 


«000009 


- 000000 


+ 000006 


TORSION ONLY 


4.307246 


-4,307246 


4.907246 


4.307246 


TORSION ONLY 


POINT LOCATIONS OF COMPUTED STRESSES 


I 


+Y 
] 
] 
I 
zl 1 QR 


-1,659130 
-1,699130 
1, 163006 


-1.163006 


1.699130 


1,653130 


3 


AXXXAXAAXAXAXXAXAAXAY 


X 


ao 
c 
' 
~< > >< > mK oe mK be OK bc OK De > 
~ 
= 


k 


UX XAXKAKIA KIA KLA KK EEX 


c 
J 


fl GR 


7 


COMBINED STRESS 


4.307246 
-4,307246 
~4,307246 


4.907246 


COMBINED STRESS 


~!,659130 
-1,699130 
1, 163006 
“1.163008 


1.699139 








DISTANCE FROM LEFT END OF NEMBER TO SECTION UNDER EXAMINATION IS 360.0000 


SFY = 0000 SFI = 0000 
SHY2 = 0000 SHY4 = . 0000 
SH22 = 0000 

BRY = 0000 UMZ = 0000 
BSYi = 0000 gSil = 0000 

AXSTR = - 0000 


TORSION MOMENT = 60.0000 LOCATION = 36.0000 
PHT= , S0615E-07 PHIL= -. 13062E-03 PHI2= .12319E-16 PHI3= .18002E-08 


ue 


TOR. SHR. WEB = ~. 687598 TOR. SHR. FLANGE ~{.075287 
WARP. SHR. STR, = -. 009544 WARP, NOR. STR. = 000013 


TORSION MOMENT = 25.0000 LOCATION = 252.0060 
PHI= .35712E-07 PHII= -.28206£-03 PHI2= J 71444E-11 PHIS= =, Z0290E-07 


TOR. SHR. WEB = -1,484768 TOR. SHR. FLANGE = -2.321924 
WARP. SHR. STR. = -.077894 WARP, NOR. STR. = 000007 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB 172366 TOR. SHR. FLANGE = 3.997211 
WARP, SHR. STR, - 083438 WARP. NOR. STR. = «000020 


“4 
ie 


NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION 
I 000000 
3 «000000 
9 . 000000 
] + 000000 


SHEAR STRESSES (KSI) 


POINT 


2l 


2R 


4L 


4R 


6L 


6R 


WITHOUT TORSION 


000060 


«000000 


000000 


000000 


«000000 


- 000000 





TORSION ONLY 


~. 000020 


«000020 


600020 


-. 000020 


TURSION ONLY 


POINT LOCATIONS OF COMPUTED STRESSES 


! 


-3, 480649 
-3, 480649 
2.172366 
-2.172366 
3.480649 
3.480649 

+Y 

] 

I 

] 

I 

2L I ZR 3 


AXXXAAXLAAAALAXAKAAYY 


x 


~ 
~m 
~< > >< me >< oe HK DK HK OK mK OE OK 
a 
=~ 


x 


AXXXAKAAAAAAAAXARAKIX 


5 


Sl 6R | 7 


C~30 


COMBINED STRESS 


-. 000020 
000920 
«000020 


- 000020 


COMBINED STRESS 


-3.4B0649 
-3, 480643 
2.172366 
2.172366 
3.480649 


3.480649 








"TORSION" PROGRAM INPUT FILE 





Problem: 4 
Beam Selected: W14x90 
End Conditions: Fixed-Fixed 


ee ee ee rene arena 


'W-FLANGE' ‘W14x90' 
26.5 0.440 0.710 
14.02 14.52 

362.0 49.9 

999.0 143.0 

4.06 29000.0 11200.0 
480.0 

3 

0.0 240.0 480.0 

0.0 12.0 0.0 

-97.0 0.0 -960.0 
TELAT ELS 

1 . 
240.0 0.0 0.0 0.0 50.0 0.0 0.0 
-0.05 0.0 480.0 

0.0 0.0 0.0 

0.3 

ry! 








INPUT DATA 


LENGT A: 


SECTIONS WHERE STRESSES ARE 70 BE CHECKED 





WIDE FLANGE SECTION 


26.5000 TH: 
362. 0000 SY: 

4.0600 CH: 
124.5230 e: 
33, 2644 QY4: 
480.0000 


«0000 


240.0060 


480.0000 


PROBLEM 4 


WH4X 30 


4400 


49,8000 


16043, 6500 
23000. 0000 


77,3355 


Il: 


THF: 


7100 


379.0000 


WNI: 
6: 


022: 


48,3153 
11200, 0000 


18.6540 


Si: 


143, 0000 


LEFT END FORCES 


FX: 0000 FY: 12,0000 
HX: = --37..0000 NY; 0000 


{ SET OF APPLIED CONCENTRATED LOADS ARE AT = anv. 


FX: «0000 FY: 0000 
MX: 50.0000 HY: 0000 


UNIFORM LGAD ON MEMBER IN Y-DIR 


HY: -. 0506 LAY: «9000 


UNIFORM LOAD ON MEMBER IN Z-DIR 


Wi: - 0000 LAR: 0000 


UNIFORMLY DITRIBUTED TORSIONAL LOAD IS 


WY: «3000 


MEMBER END CONDITIONS ARE = FIX-FIX 


Fl: 
MI: 


Fl: 
Ml: 


LBY: 


LBZ: 


0000 
- 960.0000 


9 INCHES FROM LEFT END 


0009 
9000 


480, 0900 


«0006 


DISTANCE FROM LEFT END GF HEMBER TO SECTION UNDER EXAMINATION JS 


SFY = 


SHYZ = 
SH22 = 


BHY = 
BSY{ = 


AXSTR = 


TORSION MOMENT = 50.0000 LOCATION = 240.0000 
PHI= , QO000E+00 PHIL= , 00000E+00 PHIZ= .45082E-05 
TOR, SHR, WEB = -000000 TOR. SHR, FLANGE 

WARP. SHR. STR. = 273293 HARP. NOR. STR, 
UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = ©, 3000 
PHI= .00000E+00 PHIL= .Q0000E+00 
TOR. SHR. WEB = + 000000 TOR. SHR. FLANGE 

WARP. SHR, STR. = «787083 WARP. NOR. STR. 


212, 


0000 


5628 


+0000 


«0000 
0000 


+ 9000 


SFZ 


SHY4 


BM? 
STi 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB = 
WARP, SHR. STR. = 


000000 
1.060376 


TOR. SHR, FLANGE 
WARP. NOR. STR, 


C-34 


PHI2= .93305E-05 


au " 


+ 0000 


0000 


2.1114 


960. 0006 
§.7133 


PHI3= -.53733E-07 


900000 
6.316594 


PHIS= -. $9475E-06 


- 000000 
13.073370 


000000 
19.389370 


women 


NORMAL STRESSES (KSI) 


POINT 


WITHOUT TORSION 


6.713287 


~6,713287 


6.713287 


6.713287 


SHEAR STRESSES (KSI) 


POINT 


al 


2k 


4. 


aR 


6L 


6R 


WITHOUT TORSION 


~.962777 


062777 


“2.111371 


~2, 111371 


6962777 


~.962777 


TORSION © ONLY 


-19,389970 


19,389370 — 


-13,.389370 


TORSION ONLY 


1.060376 


1.060376 


000000 


000000 


-1.060376 


-1.060376 


POINT LOCATIONS OF COMPUTED STRESSES 


1 


al 


ty 

] 

I 

] 

I 

1 2k 3 


AXXAXXAXAAXAAXAXL AIX 


x 


>< > >< > > me >< DE mK De OK De >< 
a 
= 


X 


XANAX AXIAAA KAA AX AK AAX 


k) 


6L 


6R 7 


C-3 


COMBINED STRESS 


~26. 103250 
12,676689 
26. 103250 


-12.676680 


COMBINED STRESS 


1,623154 
2.111371 
2.14197! 

-.497939 


“1.623194 





DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 240.0000 


SFY= ~ * 0000 SF = "0000 
SHY = 0000 SHY4 = 0000 
SHI2 = 00v0 

BHY = 0000 HZ = ——--2400.0000 
BSY1 = 0000 HSI = 16.7892 
AXSTR = 0000 


TORSION MOMENT = 50.0000 LOCATION = 240.0000 
PHI= .39695E-01 PHIJ= .29067E-08 PHI2= -.450B1E-05 PHI3= ~,53732E-07 


TOR. SHR, WEB 
WARP, SHR, STR, 


000014 TOR. SHR, FLANGE = 000023 
«273291 WARP. NOR. STR. = 6.316549 


UNIFORMLY OISTRIBUTED FORSIONAL MOMENT = 3000 
PHI= .O7L61E-01 PHIL= -. 14459E-09 PHIZ= -.36930E-05 PHIS= -.15047E-13 


TOR. SHR. WEB = -. 000001 TOR. SHR. FLANGE = -. 000001 
WARP, SHR. STR, = 000000 WARP. NOR, STR. = “9.118407 
COMBINED TORSIONAL INOUCED STRESSES 
TOR, SHR. WEB = 000014 TOR. SHR. FLANGE = 000027 
WARP, SHR. STR, = + 273232 WARP, NCR, STR. = “11, 434560 


NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS ; 
! -16. 783220 11434966 ~5, 348261 
3 -16. 763220 ~11.434960 28.2101 70 
5 16. 783220 ~11.434969 5.34826! 
? 16, 783220 11.434960 28.218176 


SHEAR STRESSES (KS1) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 7 
2L 000000. 273313 73313 
2R 000000 273313 273313 
dL 090000 ~,000014 =. G00014 
aR 000000 000014 | 000014 
6L 000006 ~,273313 -,273313 
6R 000000 ~.273313 ~ 279313 


POINT LOCATIONS OF COMPUTED STRESSES 
+Y 
] 
I 
] 
I 
! ZL 1 2R 3 


ANXAXA KXAN AKL AY 
X 


+ 
mo 
om 
' 
' 
‘ 
1 
r) 
'‘ 
' 
’ 
‘ 
=~ 
— 
‘ 
>S >< HK >< PK >< >< De >< Om OK DK OO 
a 
~= 


x 
TNX RAL AAAI 
Q SL 6 7 


C-37 





DISTANCE FROM LEFT ENO OF MEMBER [0 SECTION UNDER EXAMINATION IS 480.0000 


SFY = . 42.0000 SED = 0000 
SHY2 = 5628 SHY = 2.1114 
SH22 = 0000 

BMY = 0000 Wh = 960. 0000 
asyt = 0000 OSU = 8.7193 
AXSTR = 0000 


TORSION MOMENT = 50.0000 LOCATION = 240.0000 
PHI= .28276E-05 PHIT= -.67223E-09 PHIZ= .45084E-05 PHIG= .53733E-67 


— TOR, SHR. WEB = ~. 000003 TOR. SHR. FLANGE = ~, 000005 
WARP, SHR. STR. = 273292 WARP. NOR. STR, ~ 6.316373 
UNIFORMLY OISTRIBUTEO TORSIONAL MOMENT = — . 3000 


PHI= -, 10165E-05 PHIT= -, 16137E-08 -PHIZ= —.93304E-05 PHIS= .15475E-06 


TOR. SHR. WEB = -.000008 TOR, SHR. FLANGE = ~, 900013 
WARP. SHR, STR, = -, 787083 WARP, NOR, STR, = 13.073230 
COMBINED TORSIONAL INDUCED STRESSES 
TOR. SHR. WEB = ~. 000011 TOR, SHR. FLANGE = -, 000018 
WARP. SHR. STR, = -1.060375 WARP, NOR, STR, = 13.330200 








NORMAL STRESSES (KS1) 


POINT 


6R 


WITHOUT TORSION 


“6.713287 
-6.713287 
6.713287 


6.713287 


STRESSES (kS1) 


WITHOUT TORSION 


1962777 
~.962777 
2 NN1371 


2.11137! 


© *,562777 


962777 


POINT LOCATIONS OF COMPUTED STRESSES 


! 


TORSION ONLY 


-19.390200 
19.330200 
19.390200 


-19,330200 


TORSION ONLY 


-1,060393 
-1,060393 
000011 
~. 000011 
1.060393 
1.060333 
+Y 
] 
I 
] 
I 
2L 1 2R 3 
99990900000000000000; 
x 
X 
x 
x 
x 
x 
x 
4L-X 4R 
x 
i 
X 
x 
x 
X 
x 


TQOOCQOOOOOOOOOOY 


c 
J 


6L 


6R 7 


COMBINED STRESS 


-26, 103490 
12,676920 
26, 103490 


-12.676920 


COMBINED STRESS 


~.497616 
-1.623170 
2.011382 
211360 
497616 


1,623170 


C~39 
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"TORSION" PROGRAM INPUT FILE 


—_—— ee 


Problem: 5§ 
Beam Selected: W8x15 
End Conditions: Fixed-Free 


2 me ee 


'W-FLANGE' = 'W8x15! 

4.44 0.245 0.315 

8.11 4.015 

3.41 1.7 

48.0 11.8 

0.136 29000.0 11200.0 
60.0 

3 

0.0 18.0 60.0 

0.0 5.0 0.0 

~30.0 0.0 -150.0 

"FIX-FRE' 

1 

18.0 0.0 0.0 0.0 30.0 0.0 o.0 
~0.0833 0.0 60.0 
0.0 0.0 0.0 

0.0 0.0 

vy 


Cc-40 








INPUT DATA PROBLEM 5 


| WIDE FLANGE SECTION WOX15 


AREA: 4.4400 THW: «2450 THF: 3150 
IY: 3.4100 SY: 1.7000 li: 48.0000 SL: 11.8000 
J: 1360 CW: 1.6164 WNi: 7.8242 
5W2: 2.4739 _ Es 23000.0000 G: 11200.0000 
QY2: 2.3142 QY4: 6.6427 Q22: 6324 





LENGTH: 60.0000 


SECTIONS WHERE STRESSES ARE 10 BE CHECKED 
- 0000 


18.0000 


60.0000 





70: 


4.0150 





LEFT END FORCES 


FX: +0000 FY: 9.0000 Fl: 0000 
NX: -30.. 0000 NY: 0000 MZ: -150.0000 


1 SET OF APPLIED CONCENTRATED LOADS ARE AT 18,00 INCHES FROM LEFT END 


FX: 0000 FY: 0000 Fl: 0000 
MX: 30.0000 HY: 0000 Hl: 0060 


UNIFORM LOAO ON MEMBER IN Y-DIR . 


WY: ~, 0833 LAY: 0600 LBY: 60.0000 


UNIFORM LOAD ON MEMBER IN Z2-DIR 


W2: +0000 LAZ: 0000 LBZ: 0000 


UNIFORMLY DITRISUTED TORSIONAL LOAD 1S 


HX: +0000 LX: - 6000 


MEMBER END CONDITIONS ARE = FIX-FRE 


C-42 





DISTANCE FROM LEFT END OF MEMBER TU SECTION UNDER EXAHINATION 15 


SFY: -S, 


SHYZ 
SH12 


BHY 
BSY! 


AYSTR = . 


TORSION HOMENT = 
PHI= .00000E+00 


FOR. SHR. WEB 
WARP. SHR, STR. 


COMBINED TORSIONAL 


TOR. SHR. WEB 
WARP, SHR. STR, 


0000 


7653 


- 0000 


«0000 
«0000 


0000 


30.0000 


INDUCED STRESSES 


000000 
4.564575 


000000 
4.964575 


FZ 


SHY4 


BMZ 
BS2t 


LOCATION = 18.0000 
PHIL= ,00000E+00 PHI2= .27B99E-03 


TOR. SHR. FLANGE 
WARP. NOR. STR, 


TOR. SHR, FLANGE 
WARP. NOR. STR. 


0000 


- 0000 


~2.8243 


130.0000 
12,7119 


PHIS= -, 20042ZE-04 


+ 000000 
63. 303330 


«000000 
63,303330 


NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION 
i -12.711860 
3 -12.711860 
5 12.711860 
] 12.711860 

SHEAR STRESSES (KSI) 

POINT WITHOUT TORSION 
al -.765290 
2k 765290 
4l -2,824297 
4R -2,824297 
6L 765250 
6R +, 765290 


TORSION ONLY 


-63, 303330 


63. 303330 


63.303330 


-63.303330 


TORSION ONLY 


POINT LOCATIONS OF COMPUTED STRESSES 


1 


2L I 2R 
AXXXAXXAAAX AXLE AAA 


X 


~< >< >< oc OX oc >< > >< > >< OO OX 


x 


a 
m= 


4.564575 


4.964975 


«000000 


000000 


4.564575 | 


4.964979 


3 


AAXX AAA AXA KAY 


Cc 
J 


6L 


6R 


7 


COMBINED STRESS 


-76,015200 
90.991470 
76,015200 


~50,591470 


COMBINED STRESS 


3.799284 
§,329865 
-2,824297 
2.824297 
3.799084 


“3.929869 





DISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION IS 18.0000 


| SFY = “3, 


; SHY2 
SH22 


woe 


BUY 
BSY! 


| AXSTR 


| TORSION MOMENT = 
PHI= .26647E-01 


TOR. SHR. WEB = 
WARP, SHR. STR. = 


COMBINED TORSIONAL 


| TOR. SHR. WEB 
WARP, SHR. STR, 


5001 - 


3397 


0000 


0000 
0000 


0000 


30.0000 
PHIL= .S9654E-02 PHI2= -,34646E-04 PHIS= -, 1B042E-04 


INDUCED STRESSES 


5.333003 
4.109081 


9.393003 
4.109081 


SF2 = «0000 
SHY4 = -1.9770 
BMZ = 226.9005 
BSII = -19.1950 


LOCATION = 18.0000 


TOR. SHR. FLANGE = 6.93386! 
WARP. NOR. STR. = -12.399340 
TOR. SHR. FLANGE = 6.93386! 
WARP, NOR. STR. = -12,3393340 


| NORMAL STRESSES (KSI) 
POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS eee he 
Pie ee 
i : -19, 194960 12, 399340 ~6, 795623 
r 3 19.194960 12.339340 -31.594300 
| s] 19. 194560 ~$2.399340 6.795623 
7 19, 194960 12,333340 31.534300 
| SHEAR STRESSES (KSI) 
| POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
| 2k -,930712 11,042940 10,507230 
2R 90712 ) 11.042940 1.578650 
| 4L 1.977042 5.393003 7370045 
4R “1.977042 9.333003 - 9,41596! 
; 6L 530712 -11.042940 -$0.507230 
| 6 -,935712 ~11.042940 -11.978650 


POINT LOCATIONS OF COMPUTED STRESSES 


| ; 
I 
| 
I 


I ZL 1 2R 3 
AAXX AXA AXAAAAA AAA 
x 


> 
~ 
~ 
1 
‘ 
' 
1‘ 
‘ 
' 
' 
‘ 
t 
—_ 
pond 
4 
»~< >< >< >< >< >< >< >< >< mK HK Oo OO 
eS 
= 


x 
AXAAX AKA ANY 
3 6L oR 7 











DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 60.0000 


SFY = -.0002 SFI = .0000 
SHY2 = 0000 SHY4 = -, 000! 
SH22 = .0000 
BHY = 0000 BMZ = 300.0060 
BSY! = 0000 BSIL = -25.4242 
AXSTR = 0000 


TORSION HOHERT = 30.0000 LOCATION = 18.0000 
PHI= .80349E-01 PHIL: ,36339E-03 PHI2= .63497E-1$ PHI3= , 98034E-06 


TOR, SHR. WEB = 2.643953 TOR. SHR. FLANGE = 3.998853 
WARP, SHR. STR. = ~ 229275 "WARP, NOR. STR. = 00000! 
COMBINED TORSIONAL INDUCED STRESSES 
TOR. SHR. WEB = 2.643553 TOR, SHR. FLANGE = 3.398853 
WARP. SHR. STR. = -, 223275 WARP, NOR. STR. = 100001 
C-47 











» NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ORLY COMBINED STRESS ieee nee 
! ~25.424230 ~. 000001 -29.424240 
3 -25. 424230 00000! -25.424230 
s] 25.424230 60000! 29..424240 
7 25, 424230 -. 000001 25,424230 


SHEAR STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
aL -.000031 3.175578 3.175548 
2R - 000031 3.175578 3.175609 
4 ~.000113 -2.643553 -2,643666 
4R -,000113 2.643553 2.643440 
6L 000031 -3, 175578 -3,175548 
6R -,000031 ~3, 175578 3.175603 


POINT LOCATIONS OF COMPUTED STRESSES 


! 2b I 2R 3 
AXXAXA AXA AXA AXA ALAIN 
X 


+> 
ae 
~~ 
0 
‘ 
‘ 
t 
‘ 
‘ 
' 
' 
' 
=~ 
pas 
1 
<> > oe HS eC OK > OK mK mK De 
~ 
>) 





x 
KARXAAAAAAAAAAAAALAAY 
b) 6L GR 7 


"TORSION" PROGRAM INPUT FILE 





Problem: 6 
Beam Selected: W10x49 
End Conditions: Fixed-Free 


'W-FLANGE' 'W10x49' 
14.4 0.34 0.56 


9.98 10.0 

93.4 18.7 

272.0 54.6 

1.38 29000.0 11200.0 
192.0 

3 


0.0 96.0 192.0 
0.0 -2.0 0.0 
-38.4 0.0 576.0 
'FIX-FRE! 


c-49 





INPUT DATA PROBLEM 6 


WIDE FLANGE SECTION W10X49 


AREA: 14,4000 THY: «3400 THF: . 9600 
IY: 93.4000 SY: 18.7000 12: 272.0000 
J: 1.3800 CW: =. 2070.5160 WNI: 23,9900 
SWZ: 92.9700 E: 29000.0000 6: 11200.0600 
QY2: 12.7396 OY4: 23.7122 Q22: 6.9519 


LENGTH: = 192, 0000 


SECTIONS WHERE STRESSES ARE TO BE CHECKED 


0000 


96.0000 


192.0000 


id: 


10.0066 








LEFT END FORCES 


FX: «0000 FY: -2,0000 © Fl: 6000 
MY: -38. 4000 MY: C000 NZ: 976.0000 © 


1 SET OF APPLIED CONCENTRATED LOADS ARE AT - 96.00 INCHES FROM LEFT END 


FY: +0000 FY: -2,0000 Fl: «0000 
MX: 0000 MY: 0000 Hl: «0000 


2 SET OF APPLIED CONCENTRATED LOADS ARE AT 192,00 INCHES F2GK LEFT ENO 


FI: 0000 FY: 4.0000 Fl: 0000 
MI; 0000 AY: _ 0000 HI: 0000 


UNIFORM LOAD ON MEMBER IN Y-DIR 


WY; «0000 LAY: 4000 Lay: 0000 


UNIFORM LOAD ON MEMBER IN 2-DIR 


Wr: +0000 LAL: +0000 LOZ: 0000 


UNIFORMLY DITRIBUTED TORSIGNAL LOAD 1S 


WX: 4009 LX: 96.0000 


MEMBER END CONDITIONS ARE = FIX-FRE 








bss] Gas be] aay =a bf _ we =a aa Ms) =a ca EE =a = =e —- wee 
Pig ial ‘ ae Ue C8 as = t = 


DISTANCE FROM LEFT ENO OF KEMBER TO SECTION UNDER EXAMINATION IS -0000 


SFY. = 2.0000 SFL = 0060 
SHY2 = £1673 SHY4 = 6426 
SHZ2 = 0000 
BRY = 0000 BN2 = -576.0000 
ASYI = 0000 gSlL = 16.5435 
ALSTR = 0000 


UNIFORMLY DISTRIBUTED TORSIONAL MOMENT =  .40000000 ENDING AT  96.00000 FRO LEFT END 


PHT= —, 00000E+00 PHIT= ,QOO00E+00 =. ~PHI2= .19602E-04 PHIS= -,63952E-06 


TOR. SHR. HEB = * 000000 TOR. SHR. FLANGE = 000000 
WARP, SHR, STR. = 1.031902 WARP. NOR. STR. = 13,387470 
COMBINED TORSIONAL INDUCED STRESSES 
TOR, SHR. WEB = «090000 TOR, SHR. FLANGE = 000000 
WARP. SHR, STR, = 1.091902 WARP. NOR, STR. = 13,387470 
C-52 











NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 


{ : 10,549450 -13,387470 -2,838023 
3 10.549450 13. 387470 23.936320 
Q -10,549490 $3.387470 2.838023 
7 -10.549450 -13.387470 -23, 936920 


SHEAR STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
2l 167274 1.091902 1.259176 
2R -.167274 1.091302 324628 
4t 642566 000000 642566 
4R 642566 000009 642566 
6L ~,167274 -1,091902 -1,259176 
6R 167274 ~1,091902 924628 


POINT LOCATIONS OF COMPUTED STRESSES 
+Y 
] 
I 
} 
I 
I 2L I 2R 3 


UXXXXNAAXAXLAKAXAA LAY 
X 


+ 
~m™ 
~™ 
' 
ry 
‘ 
’ 
ry 
‘ 
f 
‘ 
1 
a 
m 
t 
>< oe >< >< >< >< mK me >< Oc mK DK >< 
a 
=> 


k 
ANAXXAAAXLA KXAN AAY 
x) fl GR 7 


C-53 








DISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION IS 96.0000 


SFY = 


on 
= 
~ 
rR 
48 


bw 
== 
~< 
ity a 


2.0000 


«1673 
+0000 


+0000 
+0000 


+0000 


5FZ 


SHY4 


BH2 
BSZ! 


UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = — ,40000000 


PHI= .29039£-01 PHIT= .24734£-03 


TOR. SHR. WEB 
WARP, SHR, STR, 


COMBINED TORSIONAL 


TOR. SHR. WEB 
WARP, SHR, STR. 


* 941862 
-. 108703 


INDUCED STRESSES 


«341862 
~. 108703 


TOR. SHR. FLANGE 
WARP. NOR, STR, 


TOR. SHR. FLANGE 
WARP, NOR. STR, 


= 0000 


= 6426 


“ote 


-768..0000 
14,9659 


ENDING AT 96.00000 FROM LEFT END 


PHI2= -.36197E-05 PHIS= 


1.591303 
-2.472049 


1.991303 
~2.472645 


63667£-07 





NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 


bo 14,.065930 2.472049 16.537980 
3 14,065930 -2.472049 11,533830 
5 -14.065930 ~2.472049 -16.537980 


7 -14,065930 2.472049 -11.593890 


SHEAR STRESSES (KS!) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 


al «167274 1.442600 1.609875 
2R ~. 167274 | 1.442600 1.275326 
4L . 642566 ~+ 941862 ~. 299297 
4k «642566 «942862 : 1.584428 


6L ~. 167274 -1,442600 -1.609879 


POINT LOCATIONS OF COMPUTED STRESSES 
+Y 
] 
I 
] 
{ 
I 2L I 2R 3 


000900000000000000001 
x 


+ 
om 
~ 
' 
ry 
' 
' 
1 
rT 
‘ 
‘ 
’ 
. 
— 
' 
>< o>c oS et HK mK OK OK >< >< OOK Oe > 
~ 
= 


x 
TX AY AMAA ALLL 
5 6L oR 7 


€=55 


| 6R 167274 “1.442600 ~1,275326 


DISTANCE FROX LEFT ENO OF KEMBER TO SECTION UNDER EXAMINATION 1S 192.0000 


SFY .= 4.0000 SF. = 0000 
SHY? = 3345 SHY4 = 1.2851 
SHI? = -.0000 
BHY = 0000 BHZ = ——-=1152, 0009 
aSY! = 0000 . BSI = 21,0389 
AISTR = 0000 
UNTFORMLY DISTRIBUTED TORSIONAL MOMENT = 40000000 ENDING AT 6.00000 FROM LEFT END 


PHI= .4310fE-01 PHI{= . 10137€-03 PHI2= -. 2655¢E-11 PHIQ= ,26093E-07 


TOR. SHR, WEB = 386014 TOR. SHR, FLANGE = + 639787 
WARP. SHR, STR. = ~.044591 WARP. NOR, STR. = ~ 600002 
COMBINED TORSIONAL INDUCED STRESSES 
TOR. SHR. WEB = » 386014 TOR. SHR. FLANGE = 635787 
HARP, SHR. STR. = ~ 044551 WARP. NOR. STR. = -. 000002 








NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
1 21.098900 000002 21.098900 
3 21098900 -.000002 21.099900 
5 ~21.098900 -.000002 -21,.098900 
7 ~21.098900 000002 ~21.038500 


SHEAR STRESSES (XSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
2l 1334549 1591236 925785 
2R ~.334549 «531236 256688 
4 1.285131 ~, 306014 899118 
4R 1.28513! «386014 ~L67H145 
BL -, 334549 ~.591236 ~. 925785 
6R 334549 ~.591236 ~. 256688 


POINT LOCATIONS OF COMPUTED STRESSES 


] 2L 1 2R 3 
TOXIN AAA OLY 
X 


+ 
~ 
o~ 
‘ 
‘ 
‘ 
1’ 
‘ 
t 
‘ 
’ 
+ 
~ 
_— 
a 
>< >< >< >< >< me om 
a 
= 


>< ot >< oc o< >< 


x 
OOO XA LY 
3 6l BR ? 








"TORSION" PROGRAM INPUT FILE 
MA ENPUT FILE 


Problem: 7 
Beam Selected: W6x15 
End Conditions: Fixed-Free 


SE Oe Site ee he ees Sis ie a 


'W-FLANGE' 'W6x15! 
4.43 0.23 0.26 

5.99 5.99 

O632 3.1) 

29.1 9.22 

0.10 29000.0 11200.0 
42.0 

3 

0.0 12.6 42.0 

0.0 0.0 0.0 

-40.0 0.0 0.0 
'FIX-FRE! 

1 

0.0 0.0 40.0 0.0 a.¢ 


0.0 
0.0 


TT ee SO ma Sw a ae ae ye tt 


PROBLEM 7 


INPUT DATA 


WIDE FLANGE SECTION WOX15 


AREA: 4.4300 THW: «2300 
VY: 9.3200 SY: 3.1100 
I: 1000 CW: 78.4455 
SW2: 3.3409 _E: 29000, 0000 
Qy2: 2.1453 Qy4: 5.3222 


LENGTH: 42.0000 


SECTIONS WHERE STRESSES ARE TO BE CHECKED 
+6000 
12.6000 


42,0000 


THF: 


IZ: 


23.1060 


Wi: 
6: 


Q22: 


SI: 


49.7200 


iD: 


9.9900 


LEFT END FORCES 


FX: 0000 FY: 0000 
MX: -40.0000 HY: 0000 


1 SET OF APPLIED CONCENTRATED LOADS ARE AT 


FY; «0000 FY: 0000 
HX: 40.0000 HY: +0000 


UNIFORM LOAD ON MEMBER IN Y-DIR 


WY: 0000 LAY: 0000 


UNIFORM LOAD ON MEMBER IN 2-D1R 


WZ: 0000 LAZ: «0000 


UN{FORMLY OLTRIBUTEO TORSIONAL LOAD 15 


WX: +0000 LY: +0000 


MEMBER ENO CONDITIONS ARE  FIX-FRE 





Fl: 0000 
MZ: 0000 


12.60 INCHES FROM LEFT END 


Fl: «0000 
MZ: 0000 
LBY: 0000 
LBZ; 0000 
C-60 











DISTANCE FROM LEFT END OF MEMBER 10 SECTION UNDER EXAMINATION IS 0000 


SFY = +0000 SFZ = » 9000 
SHY2 = 0000 SHY4 = 0000 
SH22 = 0000 

BMY = «0000 BAZ = . 0000 
BSY! = +0000 © BSL = 0000 

AXSTR = 0000 


TORSION KONENT = 40,0000 LOCATION = 12,6000 
PHI= . Q0000E+00 PHI1= .00000E+00 PHI2= . 20651E-03 PHI3= -. 18043E-04 


TOR. SHR. WEB = 000000 TOR. SHR. FLANGE = . 000000 
WARP. SHR. STR. = 6.723916 WARP, NOR. STR. = 51.387050 
COMBINED TORSIONAL INDUCED STRESSES 

TOR, SHR, WEB = 000000 TOR. SHR. FLANGE = 000000 
WARP, SHR, STR. = 6.723516 WARP, NOR. STR. = 31,387050 











NORMAL STRESSES (KS!) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
! . 000000 -51,387050 -51,387050 
3 .000000 51387050 51.387050 
5 .000000 51.387050 51.387050 
i] 000000 -51,.387050 -51, 387050 
SHEAR STRESSES (KSI) 
POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 





2l .000000 6.723516 6.723516 
2R 000000 6.723516 6.723516 
4L 000000 000000 000000 
4R 000000 000000 000000 
6L 000000 -6.723516 ~6,723516 
6R 000000 -6.723516 -6.723516 

POINT LOCATIONS OF COMPUTED STRESSES 

+Y 
I 
I 
I 
I 
\ 2.1 2R 3 
XXX KALA AAA ANAK 
X 
x 
\ 
X 
X 
X 
X 
t](a---2eees 4L-X 4R 
X 
y 
X 
X 
X 
y 





eddvecocererococcvens 
N) 6L GR 7 


C-62 


DISTANCE FROX LEFT ENO OF MEMBER TO SECTION UNDER EXANINATION 15 12,6000 


SFY = 0000" SFI = 0000 
SHY2 = .0000 SHY4 = 0000 
SHZ2 = 0000 
BMY = 0000 BMZ = 0000 
BSYI = . 0000 BS71 = 0000 
AXSTR = 0000 


TORSION MOMENT = 40.0000 LOCATION = 12.6000 
PHI= .10463E-01 PHII= .LISSLE-02 PHIZ= -. LSS90E-04 PHIS= -.17439E-04 


TOR. SHR. WEB = 3.078450 TOR. SHR. FLANGE 


( ; 3.473986 
WARP, SHR, STR. = 6.498538 HARP, NOR. STR. = —-3, 869450 
COMBINED TORSIONAL INDUCED STRESSES 

TOR, SHR. WEB = 3.078450 TOR. SHR. FLANGE = 3.479986 
WARP, SHR. STR. = 6.498538 WARP, KOR, STR. =  -3..869450 





NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED SIRESS 
! 000000 3.869450 3.869450 

3 000000 -3,.869450 -3,869450 
5 000000 ~3,869450 -3..869450 

f ] 000000 3.869450 3.869450 


SHEAR STRESSES (KSI) 


POINT HITHOUT TORSION TORSION ONLY COMBINED STRESS 
al 000000 9.978524 9.978524 
2R 000000 9.978524 9.978524 
4 000000 ~3..078450 ~3,.078450 
4R 000000 9.078450 3.078450 
6L 000000 ~4, 978524 - -3,978524 
6R 000000 ~9,978524 ~3,978524 


POINT LOCATIONS OF COMPUTED STRESSES 
+Y 
] 
I 
I 
I 
I 2L 1 2R 3 


AXXAXAXAK AKA AAA AAA AIX 
x 


eo 
~ 
n~ 
y 
, 
‘ 
1 
‘ 
rT 
' 
‘ 
'’ 
= 
4 
’ 

»~< >< >< >< >< >< >< >< OK mK >< > OO 
~ 
= 


x 
OOTY 
K) 6L BR 7 








DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 


SFY =. 


‘ SHY2 = 
' SH72 = 


BAY 
BSY! 


AXSTR 


TORSION MOMENT 
PHI= .41242E-0 


TOR, SHR. WEB 
WARP. SHR, STR. 


COMBINED TORSIONAL 


TOR. SHR. WEB = 
WARP, SHR. STR. = 


£0000 


0000 
00.9 


0000 
. 0000 


0000 


5Fz 


= 40,0000 LOCATION = 12,6000 


I PHIL= .97444E-03 PHIZ= .23221E-12 


2.910150 
~ 183446 


INDUCED STRESSES 


2.510150 
~, 193446 


TOR. SHR. FLANGE 
WARP, NOR, STR. 


TOR. SHR. FLANGE 
WARP, HOR, STR. 


C-65 


“ te 


42,0000 


0000 


0000 


0006 
0000 


PHIS= ,49225E-96 


2, 837561 
000009 


2.837561 
«000000 





NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
! , 000000 000000 | - 000000 
3 000000 + 000000 - 00000) 
s] 000000 000000 000000 
7 + 000000 «000000 «000000 


SHEAR STRESSES (KS!) 


POINT WITHOUT TORSION TORSION © ORLY COMBINED STRESS 
al 0000600 2.694115 2.604515 
2k + 000000 2.694115 2.694115 
4l 000060 -2.910150 “2.510150 
4 + 000000 2.010130 | 2.910150 
6L 000000 2.634415 ~Z.694115 
6R - 000000 2.604115 -2,.694115 


POINT LOCATIONS OF COMPUTED STRESSES 
+Y 
] 
I 
] 
] 
! ZL 1 ZR 3 


XXANAAA LAK AK ALAA NYY 
X 


> 
~m 
~ 
‘ 
4 
ry 
' 
' 
1 
‘ 
t 
' 
>~ 
— 
‘ 
< oc >< oe >< me mK De OK De mK mK > 
~ 
=~ 


X 
AXA XA ALAA LAY 


6L OR 
5 6 7 C-66 











"TORSION" PROGRAM INPUT FILE 


Problem: 8 
Beam Selected: W8x67 
End Conditions: Fixed-Free 


"W-FLANGE' 'W8x67' 
19.7 0.57 0.935 


9.0 8.28 
88.6 21.4 
272.0 60.4 


5.05 29000.0 11200.0 
108.0 


0.0 





INPUT OATA PROBLEM 8 


WIDE FLANGE SECTION WBX67 


AREA: 13.7000 THW: 9700 
1¥: 88.6000 SY: 21.4000 
Js 9.0500 CH: = 1438. 4580 
SWZ: 32.3115 E: 25000.0000 
QY2: 14,9348 QY4: 34.8409 


LENGTH: 108.0000 


SECTIONS WHERE STRESSES ARE TO BE CHECKED 


+0000 


32, 4090 


108.0000 


THF: 3390 


12: 272.0000 


EN]: 16.6945 
G: 11200.0000 


072: 7.3748 


$2: 69.4000 


2D: 


3, 2800 


LEFT END FORCES 


FX: 0000 FY: 0000 FL: 
NX: 9.4000 NY: - 0000 HI: 


UNIFORM LOAD ON MEMBER IN Y-DIR 


WY: «0000 LAY: 0000 LBY: 


UNIFORM LOAD ON MEMBER IN 2-DIR 


WZ: +0000 LAL: «0000 LB2 


UNIFORMLY DITRIBUTED TORSIONAL LOAD 15 


WX: +9000 LX: 32,4000 


MEMBER END CONDITIONS ARE = FIX-FRE 





0000 
0900 


0000 


0000 











DISTANCE FROM LEFT END OF MEMBER JO SECTION UNDER EXANINATION IS +0000 


SFY= . — 0000 SFI = 0000 
SHY2 = 0000 SHY4 = 0000 
SH22 = 0000 
BAY = 0000 BMT = 0000 
BSYI = 0000 BSZ1 0000 
AXSTR = 0000 
UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = © .50000000 ENDING AT 3.40000 FROM LEET END 


PHI= .G0000E+00 


TOR. SHR. WEB 
WARP, SHR. STR. 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB = 
WARP, SHR. STR, = 


PHIL = 


. 000000 
. 389188 


«000000 
«389188 





TOR. SHR. FLANGE 
WARP, NOR.-STR. 


TOR. SHR. FLANGE = 


WARP, NOR. STR, 


a au 


w 


 O0ODDE+OO PHI2= .43895E-05 PHI3= -. 388346 -06 


000000 
2.125199 


- 000000 
2.125153 











NORMA 


POINT 


SHEAR 


POINT 


al 


2R 


4L 


48 


6L 


6R 


L STRESSES (KS!) 


WITHOUT TORSION 


000000 
000000 
000000 


«000000 


STRESSES (KSI) 


WITHOUT TORSION 


000000, 
000000 
000000 
000060 
. 000000 


. 000000 


TORSION © ONLY 


-2,125153 


2.125153 


2.125153 


-2,1425153 


TORSION ONLY 


POINT LOCATIONS OF COMPUTED STRESSES 


{ 


389188 
385188 
000000 
000000 
-, 389188 
-,9991 88 

+Y 

I 

I 

J 

I 

Zt I 2 3 
AXXAXXAXAAAXAKL AKA AX 

X 

X 

X 

x 

X 

x 

X 

4L-X 42 

X 

X 

X 

x 

X 

X 

X 


AANA LAAN AAA 


9 


6L 


6R 7 
C-71 


COMBINED STRESS 


2.125153 


2.125153 


2.425193 


~2.125153 


COMBINED STRESS 


389188 


. 389188 


000600 


000900 


-, 389188 


-,389188 





DISTANCE FROM LEFT END OF MEMBER TO SECTION UNOER EXAMINATION [S$ 32.4000 


SFY = £0000 SFI 
SHY2 = 0000 SHY4 
SH22 = 0000 
BHY = 0000 BHZ 
BSY! = 0000 9571 

AISTR = 0000 
UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = — .50000000 


PHI= 80419E-03 


TOR. SHR. HEB 
WARP. SHR, STR. 


COMBINED TORSIONAL 


TOR. SHR. WEB 
WARP. SHR. STR. 


INDUCED STRESSES 


PHIL= .22202E-04 


. 141736 
-, 030168 


» 141736 
-, 030168 


TOR. SHR. FLANGE 
WARP. NOR. STR. 


TOR. SHR. FLANGE 
WARP. NOR. STR. 


PHI2= -,81129E-06 PHI3= .90102E-07 


«0000 


0000 


. 0006 
. 0000 


ENDING AT 32.40000 FROM LEFT END 


«232496 
-,392778 





232436 
-.392778 


NORMAL STRESSES (KS!) 


POINT WITHOUT TORSION 
I 000000 
3 000000 
5 090000 
7 «000000 

SHEAR STRESSES (KSI) 

POINT WITHOUT TORSION 
2b + 000000 
2R 000000 
4l 000000 
4R «000000 
6L 000000 
6R 000000 


TORSION ONLY 


392778 


~.392778 


~.392778 


392778 


TORSION ONLY 


POINT LOCATIONS OF COMPUTED STRESSES 


I 


ZU 1 2R 


+Y 
] 
if 
] 


I 


202323 
«202323 
-.141736 
«141736 
~. 202329 


~. 202329 


3 


AXXXAXXXAAX ALAXX 


X 


>< >< >< ac >< > HK be OK Oc OK De > 


X 


~ 
= 


KXAKXAXKAAAAAX KAKA NAY 


5 


6L 


6R 


C-73 


COMBINED STRESS 


392778 


~.392778 


~.392778 


392778 


COMBINED STRESS 


» 202329 


» 202323 


141736 


» 141736 


~. 2023293 


~. 202323 











QISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAKINATION 15 108.0000 


SFY = 0000 SF2 = 0000 
SHY2 = 0000 SHY4 = 0000 
SH22 = 0000 
BMY = +0000 HH2 = 0000. 
BSY1 = «0000 aszl = 0090 
AXSTR = - 0000 
UNIFORMLY DISTRIBUTED TORSIONAL HOMENT = .50000000 ENDING AT 32.40000 FROM LEFT END 


PHI: .14026£-02 PHIL: .27341€-05 PHI2= -. 13441E-11 PHIS= .37071£-08 


TOR. SHR. WEB = 017455 TOR. SHR. FLANGE = 028692 
WARP. SHR. STR. = -.003715 WARP, NOR, STR. = -, 000001 
COMBINED TORSIONAL INDUCED STRESSES 

TOR. SHR. WEB = 017455 TOR. SHR. FLANGE = 028632 
WARP. SHR. STR. = ~, 003715 WARP, NOR, STR. = -, 000001 








| HORMAL STRESSES “KSI) 
POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
{ 900000 00000! 000001 
| 3 000000 -.000001 -.000001 
5 000000 ~. 000004 ~. 000001 
000000 000001 000001 
SHEAR STRESSES (KSI) 
| POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
| 2L 000000 024917 024917 
2R 000000 024917 924917 
| 4l 000000 -.017455 -. 017455 
| aR 000000 017455 017455 
| : 6L 000000 ~.024917 ~.024917 
[ 6R 000000 ~ 024317 ~.024917 
POINT LOCATIONS OF COMPUTED STRESSES 
| W 
I 
{ 
| 
I 
{ 2L I 2R 3 
| 19 9000000000000000000) 
X 
X 
X 
| 
X 
X 
| x 
i] (sexcecine 4-1 4R 
X 
| x 
y 
i 
X 
| 
X 
ab0606008008050808010 
i 5 6L GR ? 
ca 





"TORSION" PROGRAM INPUT FILE 


Problem: 9 
Beam Selected: (C10x20 
End Conditions: Fixed-Free 


'CHANNELS' 'C10x20' 
5.88 0.379 0.436 
10.0 2.739 0.606 
2:81 Te32 42637 
78.9 15.8 

0.370 29000.0 11200.0 
60.0 

3 

0.0 18.0 60.0 

0.0 5.0 0.0 

=30,0 0.0 £15030 
"RIX-FRE' 








INPUT DATA 


PROBLEM 9 - Part (a) 


CHANNEL SECTION 10420 


AREA: 5.8800 


ly; 2.8100 
Il: 78,9000 
d: +3700 
SW2: 3.0970 
Es 29000.0000 
0Y2: 4.4472 
Q22: 9918 


LENGTH: 60.0000 


SECTIONS WHERE 
0000 
18.0000 


60.0000 


THY: 3790 
SY: 1.3200 
$7: 15.8000 
CW: 56.9206 

SWa: 229859 

6: 11200. 0000 

QY3: 5.3156 

023: 9540 


STRESSES ARE TO BE CHECKED 


THF: 


SYS: 
70: 


WNL: 
Sid: 


OY4: 





LEFT END FORCES 


FY: 0000 FY: 5.0000 
MX: -30.0000 MY: 0000 


1 SET OF APPLIED CONCENTRATED LOADS ARE AT 


FY: 0000 FY: 0000 
HX: 30,0000 KY: 0000 


UNIFORM LOAD ON MEMPER IN Y-01R 


WY: ~, 0833 LAY: +0000 


UNIFORM LOAD ON MEMBER IN 2-018 


W2: + 0000 LA: 0000 


UNIFORMLY OITRISUTEO TORSIONAL LOAD 1S 


WY: 0000 LY: 0006 


MEMBER ENO CONDITICNS ARE FIX-FRE 


Fl: 
M2: 


16.00 INCHES FROK LEFT END 


Fl: 
NZ: 


LBY: 


LB?: 


+0000 
- 150.0000 


0000 
0000 


60.0000 


«0000 








DISTANCE FROM LEFT END OF MEMBER TD SECTION UNDER EXAMINATION 1S 


SFY 5.0000 
SHY? = 6464 
» SHY4 = -1,6134 
SH? - 0000 
BHY = 0000 
BSYE = 0000 
BSI = 9, 4937 
“ANSTR = ,0000 


SFI 
SHY3 = 
SHI3 = 
Bx = 


BSY3 = 
BS73 = 


TORSION MOMENT = 30.0000 LOCATION = 18,0000 


PHT= , C0000E+00 


TOR. SHR, WEB = +0060000 
WARP. SHR, STR, AT 2 = 3.743765 
WARP. NOR, STR. AT 1 = 91, 701379 


COMBINED TORSIONAL INDUCED STRESSES 


TOR, SHR. WE8 = 000000 
WARP. SHR, STR. AT 2 = 3.743765 
WARP. NOR. STR. AL t= 1.701370 


TOR, SHR. FLANGE 
HARP, SHR. STR. AT 3 


WARP. NOR. STR. AY 3 = 


TOR. SHR. FLANGE 
WARP, SHR, STR. AT 3 
WARP. NOR, STR. AT 3 


PHIL= .Q0000E+00 PHIZ= . 21630E-05 


0000 
0900 
7726 
0000 

150.0000 


0006 
9.4997 


PHIGs -. iB174E-04 


900900 
2.884202 
24.773460 


000009 
2. 884202 
24.779460 


VAN 
' 


4 
RANT. 


igen? “Bins: 
AARP, SHE, 


SHR. STR, 





ye 


NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION UNLY COMBINED STRESS 
! . 9.493670 931.701370 42, 207700 
3 “3.433670 -24.779400 -34,267130 
N) 9.493676 14772460 34,267139 
7 4.4996/) -31.7013/0 “$2. 207/00 


SHEAR STRESSES (XSI) 


POLNT WITHOUT TORS. 0H TORSION = ONLY COMBINED STRESS 
Z «646388 3.743765 4.990153 
21 «646388 3.743765 4.390183 
3 772605 2.864202 3.656807 
3I 772899 2.384202 3.656807 
4 -1,613375 -}, 652587 3.27235) 
4] “1.013375 , -1,658987 “3.272361 
3 -. 772605 2.834207 -3, 655007 
SI -. 177595 2.034202 “3636807 
6 ~, 645368 -3.743765 -4,.396)53 
61 ~.646388 -3.743769, -4,930193 


POINT LOCATIONS OF COMPUTED STRESSES 


>< 
>< 
>< 
~ 
~< 
~< 
~< 
~< 


C-30 








DISTANCE FROM LEFT ENO OF MEMBER [0 SECTION UNOER EXANINATIGN IS 


SFY = “3.5001 
SHY2 = 4923 
SHY4 = “1.1294 
SH22 = +0000 

BHY = - 0000 
BSY! = - 0000 
SIL = -14,3355 

AXSTR = 0000 


SF2 = 
Sd¥3 = 
SHi3 = 

8x2 = 


BSY3 = 
8573 = 


TORSION KOKENT = 30,0000 LOCATIGN = 18.0000 


PHT= .190B3E-01 PHIL= .1293BE-02 


TOR, SHR. WEB = 9.492007 
WARP. SHR. STR. AT 2 =" 3.074681 
WARP. NOR, STR. AT I = -15,0412790 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB = 5.492907 
WARP. SHR, STR. AT 2 = 3.07466) 
WARP. NOR, STR. AT i = -15.941270 


TOR. SHR, FLANGE = 
WARP, SHR, STR, AT 3 = 
WARP, NOR. STR. AL 3 = 


TOR. SHR. FLANGE = 


WARP, SHR. STR. -AT 3 = 


WARP. HOR, STR, AT 3 = 





PHIZ= -.62927E-04 


18. 0000 


0000 


0900 


226.9005 
0000 
“14,3353 


PHIS= -, S4926E-98 


6.317984 
2.968738 
7.207242 


NARP, SHR, STR, 


eatlatte 


NORMAL STRESSES (St) 


POINT WITHOUT TORSION TORSION ORLY COMBINED STRESS CaS ae 
aa “14,335480 -15,041270 ~24.376750 
3 -14,935480 7.267242 -7.128235 
5 14,395480 “7.207442 7.128235 
} 14, 335480 18.041270 29.376750 


SHEAR STRESSES (KSI) 


POINT WITHOUT TORSION TORSION — GNLY PUSS es, AS bt 
2 452480 4.392661 3.845140 
21 452480 “3.243300 -2.730821 
3 540833 ° 8.686714 4, 227552 
3 540823 “3.949242 1, 408419 
4 “1.129382 -.954500 7, 99388 
41 “1123982 4.129514 3.060132 
5 ~.540835 “8.686719 ~9, 227552 
st ~.540899 3.949242 © 3.408419 
6 ~. 452480 -4.352661 -9,845140 
61 ~.452480 3. 243300 2.73062: 


POINT LOCATIONS OF COMPUTED STRESSES 














DISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION IS 60.0000 


SFY = -.0002 
SHY2 = +0000 
SHY4 = -.000! 
SH22 = 0000 

BNY = +0000 
BSY! = +0000 
G57! = ~18.9877 

AXSTR = +0000 


SF? = 


SHY3 = 


SH23 


M2 = 
BSY3 = 
8523 = 


TORSION HOHENT = 30.0000 LOCATION = 18.0000 


PHI= .44149E-01 PHI1= .31087E-03 


TOR. SHR. WEB = 1.319572 
WARP. SHR. STR. AT 2 = -. 160762 
WARP, NOR. STR. AT 1 = -.000014 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB = 1.315372 
WARP, SHR. STR. AT Z = ~. 160762 
WARP, NOR. STR. AT 1 = -.000014 


. 0000 
000 
0000 
3000060 


0000 
-18.3877 


PHI2= -.59204E-16 PHIS= . 78042ZE-06 


FOR. SHR, FLANGE = 1.518031 
WARP, SHR. STR, AT 3 = ~,1273851 ARP. SHR. STR. AT 4 071235 
WARP, HOR, SIR. AT 3 = -,000007 
TOR. SHR. FLANGE = 1.51803! 
WARP, SHR, STR. AT 3 = -,123851 WARP. SHR, STE. AL 4 TLE 
WARP. NOR, STR, AT 3 = 000007 
C~83 





NORMAL STRESSES (KS1) 


POINT 


WITHOUT 1ORS1ON TORSION ONLY COMBINED STRESS 
-18. 987720 ~. C00014 -18.987730 
18. 387720 000907 -18.907710 

18. 987726 -. 600007 18,987710 
19. 387729 OOR01T4 18, 387730 


SHEAR STRESSES (KSI) 


POINT 


~ 


SI 


6 


6! 


WITHOUT TORSION TORSION ORLY COMUINED STRESS 
000026 1.357269 1.357295 
000026 1.678722 ~1,678766 
000031 1.394179 1.394219 
00031 1.641982 ~1 64185! 

-,000065 1.249334 +1248399 
~, 000065 1.33091 1.930747 
-, 000031 1.394179 “1.934210 
-.000031 (641852 {641851 
-. 000026 ~1,957269 “1,3597295 
- 000026 1.678732 1.679766 


POINT LOCATIONS OF COMPUTED STRESSES 


-< > >< 


] 
I 
J 
{ 
4 
YO 
I 
J 
I 
{ 
| 
! 


> 
~ 
“ 

' 

' 

a 

1 

’ 

‘ 

' 

’ 
te 

‘ 


CN rt ne HK re HK me OK DE ME HK MK DE 


C-84 








INPUT DATA 


QY2: 


LENGTH: 


SECTIONS WHERE STRESSES ARE TO BE CHECKED 


HIDE FLANGE SECTION 


19.7000 THH: 
88.6000 SY: 
5.0500 Cu: 
92.9115 

14.5348 QY4: 

108, 0000 


9000 


32.4000 


108.0000 


H8X67 


9700 


21.4900 


1438, 4680 


Er 23000, 0000 


34.8409 


PROBLEM 9 - Part (b) 


THE: £9350 
IZ:. 272.0000 
WN: 16,6945 
6: 11200.0000 
022: 7.9748 
C-85 


Si: 


60.4009 


m~s 


ww 


8.2800 





LEFT END FORCES 


FX: +0000 FY: 0000 
MX: 5+ 4000 MY: 0000 


UNIFORM LOAD ON MEMBER IN Y-DIR 


WY: 0000 LAY: 0000 


UNIFORM LOAD ON HEMBER IN 2-DIR 


Wr: +0000 LAL: 0000 


UNIFORMLY DITRIBUTED TORSIONAL LOAD IS 


WY: -.2000 LX; 108.0000 


MEMBER END CONDITIONS ARE = FIX-FRE 





Fl: 0000 

HI: 0000 
LBY: 0000 
L8?: 0006 
C-86 





DISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION IS 0060 

SFY = 0000 Srl = 0000 

. SHY2 = - 0000 SHY4 = 0000 
SHZ2 = - 0000 

BHY = «0000 BZ = 6000 

BSY1 = «0000 BSI = +0000 
AXSTR = 0000 

UNIFORMLY DISTRIBUTED TORSIONAL HOMENT = -.20000000 ENDING AT {08.00000 FROM LEFT END 


PHI= ,00000E+00 PHIL= .00000E+00 PHI2= -. 10649£-04 PHIS= .51779€-06 


TOR. SHR. WEB 
WARP, SHR. STR. 


000000 TOR. SHR. FLANGE = 000000 
-. 918918 WARP. NOR. STR. = “3, 195473 


COMBINED TORSIONAL INDUCED STRESSES 


«000000 





TOR. SHR, HEB = - 000000 TOR. SHR. FLANGE = 
WARP. SHR. STR. = =, 518918 WARP, HOR, STR. = -5, 155473 
C-87 





POINT 


POINT 


§R 





NORMAL STRESSES (KSI) 


WITHOUT TORSION 


000000 
000000 
000000 


000000 


SHEAR STRESSES (KSI) 


WITHOUT TORSION 


+ 000000 


+ 000000 


000000 


000000 


000000 


+ 600000 


1 


POINT LOCATIONS OF COMPUTED STRESSES 


TORSION ONLY 


9.159473 
3.195473 
-5, 159473 


5.195473 


TORSION ONLY 


918918 
-. 918918 
000000 
000000 
18918 
918918 
+Y 
I 
I 
] 
1 
2L 1 ZR 3 
TAXA AX AANA Y LAX AAA AY 
X 
X 
x 
x 
X 
x 
4U-X 4h 
x 
x 
x 
x 
x 
X 
x 


OOOO OOO 


COMBINED STRESS 


5.155473 
“9.155473 
-3, 195473 


9.195473 


COKBINED STRESS 


-, 018918 
7.918918 
00000 
000000 
018918 


318918 





5 bl GR 7 


C-838 





DISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION IS 32.4000 


SFY = + 0000 SFI = «0000 
SHY2 = +0000 SHY4 = +9000 
SH22 ‘= «0000 
BAY = 0000 BH2 = 0000 
BSY{ = 0000 B52] = 0000 
AXSTR = 0000 
UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = -.20000000 ENDING AT 108.00000 FROM LEFT END 


PHI= -,33640E-02 PHIL= -, 15648E-03 PHI2= -.94979E-06 PHI3= .19025£-06 


~. 998990 TOR. SHR, FLANGE = -1,638695 
-. 150613 HARP. NOR. STR. = -. 493831 


TOR. SHR, HEB 
WARP. SHR, STR, 


woo 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB = -. 938990 TOR. SHR. FLANGE = -1,638695 
WARP, SHR. STR. = -, 150613 WARP, NOR, STR. = ~, 459834 
Cane 








NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY 
i 000000 49983! 
3 «000000 -.499831 
5 000000 -. 459831 
7 + 000000 439831 


SHEAR STRESSES (KSI) 


POINT NITHOUT TORSION TORSION ONLY 
al 000000 -1.7859308 
QR «000000 - 1.789308 
4L 000000 998990 
4R «000000 -, 398990 
6L 000000 1.789308 
6R + 000000 1, 789308 


POINT LOCATIONS OF COMPUTED STRESSES 
+Y 
] 
I 
] 
I 
1 ZL 1 2R 3 


AXA AXA AXA AX AXAAKNAY 
x 


ye 
ms 
“o~ 
' 
' 
‘ 
t 
' 
t 
‘ 
' 
' 
a 
— 
' 
>< >< >< me >t mK HK OK OK OK OK OK OOS 
> 
= 


X 
OOOO 
Q 6L BR 7 


C-99 


COMBINED STRESS 


49983! 


~. 459831 


-, 43383! 


«45983! 


COMBINED STRESS 


-1.789308 


-1.783308 


998950 


- 998930 


1.789308 


1.789308 


DISTANCE FROH LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION IS 108.0000 


SFY= 0000 SFL = - 9000 
SHY2 = -0000 SHY4 = 0009 
SHI2 = 0000 
BHY = 0000 BHI = 0000 
aSYl = 0000 SUL = 0000 
AKSTR = 0000 
UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = -.20000000 ENDING AT 108,00000 FROM LEFT END 
PHI= -.12769E-01 PHIL -.81654E-04 —PHI2= -.14733E-09 PIs -, LLO7LE-06 
TOR, SHR. WEB = -.521281 TOR. SHR. FLANGE = -, 855084 
WARP, SHR. STR. = 110952 HARP. NOR. STR. = -.000071 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB = -.52128! TOR. SHR. FLANGE = 855904 
WARP, SHR. STR. = 110952 WARP, NOR, STR. = -. 000071 
C-9 


| NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION 


meee ee eee eee 


i , 000000 000071 
3 .000000 -.00007] 
5 000000 -.000071 


] 000000 000071 


SHEAR STRESSES (KSI) 


POINT WITHOUT TORSION TORSION 


al 000000 ~. 744132 
ZR 000000 | ~. 744132 
4L 000500 021281 
4R «000000 -.92128] 
6L 000000 «744132 


6R 900000 »7A4132 


POINT LOCATIONS OF COMPUTED STRESSES 


+Y 


I 
! 2L 1 ZR 3 
UX XAX ALANA AKL 
x 


>< >< >< >< >< 


> 
~ 
~~ 
’ 
' 
’ 
e 
‘ 
‘ 
' 
‘ 
1 
~ 
— 
‘ 
x 
2 


~< oe eK > >< mK OK OK 


x 
OOOO OOO 
9 6L GR 7 


] 
I 
; 





COMBINED STRESS 


000071 


-.00007! 


-,000071 


000071 


COMBINED STRESS 


744132 
~, 744132 


92128! 


a 
an 
nO 
ho 
ao 





"TORSION" PROGRAM INPUT FILE 


Problem: 10 
Beam Selected: C12x30 
End Conditions: Fixea-Free 


"CHANNELS' 'C12x30' 
8.82 0.51 0.501 

12.0 3.17 0.674 

5.14 2.06 7.63 

162.0 27.0 

0.865 29000.0 11200.3 
108.0 











INPUT DATA 


AREA: 9.8200 


1: 5. 1400 
12; 162.0000 


J]; «8650 

5W2: 6.0047 

E:  29000.0000 

QY2: 7.1897 
Q22: 1.5606 
LENGTH: 198.0000 


SECTIONS WHERE 
0000 


32.4000 


108.0009 


PROBLEM 10 ~ Part (a) 


CHANNEL SECTION Ci2k30 


THU: 3100 THF: 
SY: 72,0600 SYS: 
$2; 27,0000 10: 
CW: 151.2351 WHI: 

SW3: 4.9067 Si4: 


G: 11200, 0000 


336 
Q23: 1,5166 


STRESSES ARE TO BE CHECKED 


2010 


7.6300 
3.1709 


16.8251 








|. 





LEFT END FORCES 
FX: 0000 FY: 0000 FI: 0000 
MY: 5.4000 HY: 0000 Ml: 0000 


UNIFORH LOAD ON MEMBER IN Y-DIR 


WY: 0000 LAY: 000 Lay; 0000 


UNIFORM LOAD ON MEMBER IN 2-DIR 


Wa; 0000 LAL: 0000 Laz: 0009 


UNIFORMLY DITRISUTED TORSIONAL LOAD 1S 


WI: 5000 LX: 32.4000 


MEMBER END CONDITIONS ARE = FIX-FRE 


C~95 














DISTANCE FROM LEFT ENO OF MENGER [0 SECTION UNDER EXAMINATION 1S 


SFY= 0004 
SHY2 = 0000 
SHY4 = 0000 
SHIZ = 0000 

OMY = 0000 
BSY] = 0000 
aSZ1 = 0000 

AXSTR = 0000 


SF2 = 
Sd¥3 = 
SH23 = 

GHZ = 


SY 
8523 


UNTFORKLY DISTRIBUTED TORSIONAL MOMENT = 30000000 © ENDING AT 


PHI=  .H0000E+00 PHIE= , Q0000E#00 PHIZ? ,3a240e-04 
TOR. SHR, HEH + 000000 TOR, SHR. FLANGE = 
WARP, SHR. SFR, AT 2 = 1.283857 WARP. SHR, STR, AT 3 = 
WARP, NO2. STR, AT J = 13.0f6b.6 WARP. NOR. STR. AT 2 = 


COMBINED TORSIONAL INOUCED STRESSES 


TOR. SHR. WEB = + 000000 
WARP, SHR. STR. AT 2 = 1.283857 
WARP. NOR. STR, AT 1 = 13.018816 


TOR. SHR. FLANGE 
WARP. SHR. STR. AT 3 
WARP, NOR, STR. AT 3 


teat 


C-96 


0900 


4000 
0006 
0000 
0000 


0000 
£0000 


SZ. 46600 FROM LEFT END 


PHIG= -,38937£-05 


000000 
043096 WARP, SHR. STR. AT 4 -,S19234 


{ 
~ §.967056 


900000 
1.049096 = WARP. SHR. STR, AT 4 “91291 
5.567056 





NORMAL STRESSES (KSI) 


POINT 


WITHOUT TORSION 


060009 


000000 


000000 


000000 


SHEAR STRESSES (KSI) 


6l 


Wy rAAeen 
Tey Tonese 


+ 006000 
000009 
000006 
000060 
+ 000000 
000000 
+ 000000 
000006 
«000066 


060000 


POINT LOCATIONS GF COMPUTED STRESSES 


4 
) 


x 
x 
I 
x 
x 
x 
t 
Hteeeerees 4-J--- 
X 
X 
x 
x 
x 
x 
000000008 
3 6 7 


TORSION ONLY 


13.010810 


-3.967056 


5.567656 


-{3. 018816 


TORSION = ONLY 


1.283857 


«203837 


1.045096 


9459096 


51929 
4.04506. 
-1.0490%6 
-1. 283857 


-[. 283857 


COMBINED STRESS 


13. 016810 


“13.019810 


COMBINED STRESS 


1.283857 
1.283857 
1.049096 
1.044036 
-.515241 
-. S192 

“1049096 

“1.049095 

-1. 283857 


~1.283857 


C-97 





DISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNOER EXAMINATION {S 32.4000 





SFY = 0000 SFL = 0000 
SHY2 = 0000 SHYS = £0600 
SHY4 = 0000 
SHI? = 0000 SH23 = 0000 

BHY = 0000 Bt = 0000 
BSY! = 0000 pSY3 = 0000 
§S11 = 0600 8573 : 0000 

AXSTR = 0000 


UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = «50000000 ENDING Al 32.40000 FROM LEFT END 


PHI= .B41416-02 PHIL= © , 15835E-03 PHI2= -.74391E-05 PHIS= 6343768 -06 


TOR. SHR. YEB = 204489 TOR. SHR. FLANGE = . 888528 
WARP, SHR, STR. AT 2 = ~, 121977 WARP, SHR. STR, AT 3 =- ~,099346 9 WARP. SHR. STA. AT 4 048736 
WARP, NOR. STR. AT | = “2.929599 = HARP. NOR. STR. AT 9 =. -1,081698 
COMBINED TORSIONAL INDUCED STRESSES 

TGR. SHR. WEB = 904489 TOR, SHR, FLANGE = 885928 
WARP, SHR. STR. AT 2 = -.121577 WARP, SHR. STR. AT 3 = -.099346 9 WARP. SHR. STR. AT 4 048756 
WARP, HOR. STR. AT 1 = -Z.529558 WARP, NOR. STR. AT 3 = -{.081698 





NORMAL STRESSES (KSI) 


POINT » RITHOUT TORSION TORSION ONLY COMBINED STRESS atiairebes seeutecs ae 
| - 000060 ~2.829598 “2.529998 
3 090000 1.031638 1.081638 
3 «900000 1.081653 -$,091698 
] «066000 2.929998 2.929538 


SHEAR STRESSES (KS!) 





POINT WITHOUT TORSION TORSION = ONLY COMBINED STRESS 
2 000000 766551 76645) 
al 000000 ~E. 010104 “1.010104 
3 000000 «785182 789182 
31 000900 -. 937879 ~. 367873 
4 000006 ~, 959693 -. 895653 
a - 000000 «353285 999285 
i] «000000 “788182 ~. 789182 
31 «090000 «387873 + 5987873 
6 000000 -. 76695} -. 76695! 
6! . 000009 1.010104 1.010104 


POINT LOCATIONS OF COMPUTED STRESSES 


tl{eeereees 4- 


190800000) 
ae c-99 


x 
x 
X 
X 
x 
x 
X 
I 
I 
x 
t 
x 
X 
x 
x 
3 





OISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION [5 


SFY = _ 40000. 
SHY2 = 0000 
SHY4 = +0000 
SH22 = 0000 

BMY = 0000 
BSY! = +0000 
BSZ1 = +0000 

AXSTR = 0000 


UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = 


PHI= .97777€-02 
TOR. SHR. WEB 
WARP, SHR. Sth. 27 2 


WARP, NOR. STR. AT 1 = 


woe 


PHIL= .90644E-05 


051776 
-. 006953 
-, 900020 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB 
WARP. SHR, STR. AT 2 
WARP, NOR. STR. AT 1 


| 


«051776 
-, 006353 
-, 000020 





108.0000 
SFl = 0006 
SHY3 = 0000 
SHZ3 = 0000 
BAZ = 0000 
HSY3 = 9000 
Q$73 =: £0000 
.50000000 ENDING AT  32.40000 
PHI2= ~.9844BE-10 fila 
TOR, SHR, FLANGE = 050862 
WARP. SHR, STR. AT 3 = ~.005687 
WARP, NOR, STR. AT 3 = -=,000009 
TOR, SHR. FLANSE = 050862 
WARP. SHR, STR. AT 3 = -, 005687 
WARP, NOR. STR. AT 3 = 000005 


C-100 





FROM LEET ERD 
280236 -97 | 
| 
| 
WARP, SHR. STR. AT 4 02733 
WARP, SHR. STR. AT 4 002733 


NORMAL SSAESSES (KSI) 


POINT » WITHOUT TORSION TORSION = CHLY CUMEINED STRESS eee 
! «000000 -, 000020 -, 000026 
3 000000 000003 «900009 
3 000000 -. 000009 -, 006064 


7 + 000000 000020 090029 


SHEAR STRESSES (KSI) 


POINT WITHOUT TORSION TORSION = ONLY COMBINED SIRES 


ae sles Eilycy sect ua 
2 000900 04503 043503 
21 050060 =.057822° 057822 
2 000000 045175 045175 
3 009000 -.056549 -. 056549 
4 000000 ~ 045392 - 04083 
dl GOUIO 054563 454969 
5 000000 -. 045175 ~.045175 
3 090000 056549 056544 
6 .000000 ~, 943903 ~,043903 
6! 000000 057822 057822 


POINT LOCATIGNS OF COMPUTED STRESSES 


ty 


H 
[ 
1 
I 
Z 
100800000) 
I 
I 
I 
I 
] 
{ 


00009008: 


C194 





INPUT DATA =| PROBLEM: 10 = Part (b) 


CHANNEL SECTION 12X30 


AREA: 8.8200 THM: +9100 


ly: 5.1400 SY: 2.0600 
Il: 162.0000 SU: 27.0000 
J: 8650 CW: {54.2351 
SW2: 6.0047 SW3: 4.9067 
Es 29000.0000 6: 11200,0000 
QY2: 7.1897 OY3: §.3967 
Q22: 1.5606 023: 1.5166 


LENGTH: = 108.0000 


SECTIONS WHERE STRESSES ARE TO BE CHECKED 
+0000 
32. 4000 


108.0000 


THF: 


SYS: 
1D: 


WN{: 
Suds 


OY4: 


3019 


7,6300 
3.1700 


11.7397 
-2.4934 


16.8261 





LEFT END FORCES. 


FX: 0000 FY: 0000 Fi: 
NX: 5.4000 HY: - 0000 Mi: 


UNIFORM LOAD ON MEMBER IN Y-DIR 


WY: =. .0000 LAY: «0000 L8Y: 


UNIFORM LOAD ON MEMBER IN Z-DIR 


Wi: 9000 LAT: +0000 LB2: 


UNIFORMLY DITRIBUTED TORSIONAL LOAD 15 


WY: ~. 2000 LY: 108.0000 


MEMBER END CONDITIONS ARE = FIX-FRE 


0000 
0900 


C-10 


0009 


0090 





DISTsnCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAKINATION 1S 


SFY = «0000 
SHY2 = 0000 
SHY4 = 0000 
SHZ2 = +0000 

BAY = 0000 
BSY{ = +0000 
S21 = +0000 

AXSTR = +0000 


UNIFORMLY DISTRIBUTED TORSIONAL MOM 


PHI= .Q0000E+00 PHIL= .00000E#00 


TOR. SHR. WEB = 000000 
WARP, SHR. STR. AT 2 = 1.711809 
WARP, NOR, STR, AT I = ~28.731330 


COMBINED TORSIONAL INOUCED STRESSES 


TOR. SHR. WEB = «000009 
WARP. SHR. STR. AT 2 = -1.7118093 
WARP, NOR, STR. AT I = ~28.731930 





my 


cat 


SFZ = 
SHY3 = 
SHI3 = 

BAZ = 


BSYS 
8573 


=~, 70000090 ENDING A 
PHI2= -.84394E-04 
TOR. SHR. FLANGE = 


WARP. SHR. STR. AT 3 = 
WARP. NOR, STR. AT 3 = 


TOR. SHR. FLANGE 
WARP. SHR. STR. AT 3 = 
WARP. NOR, STR, AT 3 


0090 
0000 
0009 
0906 
0000 


«0000 
«9000 


108.0009 


FROM Ler? EMD 


mea AACA AG 
a7 492005 -08 


n 
rigs 


000009 


000009 
~1.338735 
-$2. 286250 


C-194 


WARP, OMS, STe, 


AY 


] 
4 


E2TSS 


tartans 


er de 


NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS ae dius: 4.8 
1 000096 -29, 731530 -28.731930 
3 000009 12. 286259 12, 286259 
5 £06808 “12, 206256 -12,796759 
] 000000 28,731329 29.721930 


~ SHEAR STRESSES (KSI) 


POINT WITHOUT TORSION TeRgiew ONLY COMUINED STRESS See ee 
2 00000 1.711804 “1.711809 
2 00002 1711809 “1.71823 
3 000000 “1, 398795 “1.398745 
a! 099000 “1.398735 1.338735 
4 020000 6765 587058 
4I 090000 687055 637955 
5 000000 1.398785 1398795 
5! 000000 1.398735 1.398735 
6 000000 1711209 1.711804 
6! 000000 711209 1.714663 


POINT LOCATICNS OF COMPUTED STRESSES 


- 
< 


UXXEXARXK 


ee a er eer en 


H(sreeeeeed- 


~_ 
~< 


CN me me >< me RK me mE ae mK ae mK Oe mK De OOK LD 
’ 
on > ’ 


~~ 
— 
>a 
~~ 
~ 
“ye 


C-105 








OISTANCE FROM LEFT ENO OF KEMBER TQ SECTION UNDER EXAMINATION iS 32,4000 


SFY = - 0000 SFL = 000 
SHY2 = 0000 SHY = 0000 
SHY4 = 0000 
SH22 = 0000 SH23 = 0000 
BHY = 0000 BNL = 0000 
BSY! = 0000 HSY3 = 0000 
AST = 0000 A813 = 0000 
AYSTR = 0000 
UNIFORKLY DISTRIBUTED TORSIONAL HOMENT =  -. 20000000 ENDING AT $08.00000 FROM LEFT END 


PHI= -,24469E-0! PHIL= -. 10860E-02 PHI2= -, 28105E-03 PHIS= . $04B9E-05 


TOR. SHR, WEB = ~6. 203338 TOR. SHR. FLANGE = ~§. 093867 
WARP, SHR. STR. AT 2 = 364445 = WARP. SHR. STR, AT 3 = 297904 = HARP. SHR. STR, AT 4 145274 
WARP. NOR. STR. AT 1 = -,956837 WARP. NOR. STR. AT 3 = . +,403159 
COMBINED TORSIONAL INDUCED STRESSES 

TOR. SHR. WEB = -6. 203338 TOR. SHR. FLANGE = -6, 093867 
WARP. SHR, ST9 AT 2 = -.364445 WARP. SHR. STR. AT 3 = -.297804 = WARP. SHR, STR. ATS 145274 
WARP. NOR. STR. AT 1 = ~.956837 WARP. NOR. STR, AT 3 = -, 409159 











NORMAL STRESSES (KSI) 


POINT 


WITHOUT 


TORSION 


- 000000 


900000 


000000 


+ 0640000 


SHEAR STRESSES (XS1) 


POINT 


nm 


aH 


6 


61 


WITHOUT 


TORSICN 


000000 


000000 


900000 


060000 


000000 


000000 


000000 


000009 


000000 


. 


600000 


TORSION ONLY 


-. 956837 


403159 


- 409159 


.25603/ 


TORSION © ONLY 


6, 450312 
5.723422 
-6.99167! 
5.736062 
6.349612 
~§,097063 
6.391671 
-5,736052 
6.458312 


-§.723422 


POINT LOCATIONS OF COMPUTED STRESSES 


+Y 
1 
I 
] 
! 
3 2 ! 
UXXLXX ALY 
x] 
rt 
x1 
| en 
xX] 
rf 
tlCse-serr= 4-{--- 
if 
x 
x 
x 
I 
x 
1690000009; 
3 6 7 


C-107 





COMBINED STRESS 


-, 956837 


4031353 


COMBINED STRESS 


-6.458312 
5.729422 
-6.391671 
5.796062 
6.349512 


~6.057063 


ao 


3671 








DISTANCE FROH LEFT END OF MEMBER TO SECTION UNDER EXAMINATION 1S 108.0000 


SFY = 0000, SFI = 0000 
SHY2 = .0000 SHY3 = -0000 

SHY4 = 0000 
SH22 = 0000 SHI3 = 0000 

BMY = 0000 BHD = +0000 
BSYI = +0000 BSY3 = 0000 
sZt = -0000 S73 = 0000 
AISTR = -0000 

UNTFORKLY DISTRIBUTED TORSIONAL MOMENT = -, 20000000 ENDING AT 108,00000 


FROM 


EFT END 


PHI= -.82194E-01 PHIL= -.41192E-03 PHi2= -.80697E-C8 PHIS= -,903202E-6 


TOR, SHR. WER = 2.350590 
WARP, SHR. STR. AT 2 = 6315955 
WARP. NOR. STR. AT 1 = ~. 002747 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB = -2,350590 
WARP. SHR, STR. AT 2 = 315955 
WARP, NOR. STR. AT 1 = -.002747 


TOR, SHR. FLANGE = ~2,303109 
WARP. SHR. STR, AT 3 = « 258180 
WARP. NOR. STR, AT 3 = =. 001175 

TOR. SHR. FLANGE = -2.309105 
WARP. SHR. STR. AT 3 = «298180 
WARP. KOR. STR, AT 3 = -. 001175 


“E108 


WARP, 


HARP. 


SHR, STR. AT 4 


SHR. STR. AT 4 











NORMAL STRESSES (KSI) 


| POINT WITHOUT TORSION TORSION —OKLY COMBINED STRESS 7 
| ! 000000 ~.002747 ~002747 
3 000000 LOQ1175 001175 
| 5 000000 =. 001175 =. 001175 
} 000000 (02747 002747 
| SHEAR STRESSES (XSI) 
| POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
Z 000009 “1.993155 “1.993155 
| 2 000004 2.625064 2,625064 
3 000000 ~2..050925 “2.050929 
rT 000000 2.67230 2.967230 
4 000000 203778 2.223778 
4I 000000 “2.471403 -2,477402 
5 000000 2.050529 2.050929 
5I 000000 -2.567230 -2,567290 
6 000000 1.993155 1.993155 
61 000000 -2,625064 2.625064 


POINT LOCATIONS OF COMPUTED STRESSES 


+Y 
l 
I 
ee 
XO 
Lei] 
Xt 
11 
iI 
XI 
ri 
eae 4-X--- 
x 
x 
= 
x 
I 
x 
XO 
S56. 22 C109 








“TORSION” PROGRAM INPUT FILE 


a ee a 


Problem: 11 
Beam Selected: C5x9 
End Conditions: Fixed-Free 


mem tw mm em mmm we ww we em ew ewe ewww ee we 


"CHANNELS' 'C5x9' 
2.64 0.325 0.320 
5.0 1.885 0.478 
0.632 0.45 1.322 
8.9 3.56 

0.109 29000.0 11200.0 
42.0 

3 

0.0 12.6 42.0 
0.0 0.0 0.0 
-40.0 0.0 0.0 
"FIX-FRE" 


1 

12.6 0.0 0.0 0.0 40.0 0.0 0.0 
0 0.0 0.0 

-0 0.0 0.0 
0 0.0 


wert ewe er em ea re ee ew eee ee ee eee 











INPUT DATA © PROBLEM 11 


CHANNEL SECTION C313 


AREA: 2.6400 THN: 3250 
IY: 6320 SY: 4500 
12: 8.9000 52: 3.5600 
I 1090 CH: 2.935 
SW2: 4802 SW3: £3499 

E: 29000. 0000 G:  11200.0000 
ay2: 1.0536 0Y3: 1.2898 
022: 3167 073: 3008 


LENGTH: 42.0000 


SECTIONS WHERE STRESSES ARE [0 BE CHECKED 
- 0000 
12.6000 


42,0000 


THF: 


SYS: 
1D: 


WHI: 
SWd: 


QY4: 


C-111 


— 


Lane 


a 











LEFL ENO FORCES 


FX: 0000 FY: 0006 Fl: 0090 
MY: -40..0000 NY; +0000 MU: 0000 


1 SET OF APPLIED CONCENTRATED LUADS ARE AT 12.60 INCHES FROM LEFT END 


FX: 0000 FY: 0000 FL: 0600 
MX: 40.0000 MY: 0000 Ni: 0060 


UNIFORM LOAO ON NENBER IN Y-OIR 


WY: 0000 LAY: 0000 LEY: 0000 


UNIFORM LOAO ON MEMBER IN 2-O1R 


Wi: 0000 LA: 0000 LB2: +0006 


UNIFORMLY DITRIBUTED TORSIONAL LOAO {S 


WY: 0000 LX: 0000 


MEMBER ENO CONDITIONS ARE FIX-FRE 


C-112 








a 


Aalalspnthidlect Sacer ee nee in pe ee ened OSAMA SCO SY IIA DN EGAN a a re en ernie 


DISTANCE FROM LEFT END OF HEMBER TO SECTION UNDER EXAMINATION 1S - 0000 


SFY = ~ 0000 SFr = 000 


eo SHY? = 0000 SHY2 = 0000 
SHY4 = 0000 

SHI2 = 0000 SHI = 0060 

BMY = 0000 BHT = 0000 

BSY] = 0000 pSY3 = 0000 

BS11 0000 8973 = 0000 
AXSTR = 0000 


TORSION MOMENT = 40,0000 LOCATION = 12,6000 
PHI= .00000E+00 PHI!= ,Q0000E+00 PHI2=  ,30579E-02 PHIS= -,47020E-03 


TOR, SHR. WEB 
WARP. SHR. STR. AT 2 


«900000 TOR. SHR. FLANGE = 000000 
20.464080 = WARP. SHR, STR. AT 3 14.911760 = WARP, SHR. STR. AT 4 o7,344370 


ost 


WARP, NOR, STR. AT 1 235.019900 WARP, NOR, STR. AT 3 122.418200 
COMBINED TORSIONAL INDUCED STRESSES 
TOR. SHR. WEB = + 000000 TOR. SHR. FLANGE = 000000 
WARP, SHR. STR. AT 2 = 20.464080 HARP. SHR. STR. AT 3 = 14.911760 ARP, SHR. STR, AT 4 “7,344170 
WARP, NOR, STR. AT I = 235.019900 WARP. NOR. STR. AT 3 = 122.418200 


c-113 











NORMAL STRESSES (KSI) 


POINT _NETHOUT TORSION 
! 000000 
3 000000 
x) 000000 
7 000000 

SHEAR STRESSES (KS!) 

POTRT WITHOUT TORSION 
2 000000 
21 000000 
3 000000 
31 000000 
4 + 000000 
4] + 000000 
5 + 000000 
SI + 000000 
6 000000 
61 000000 


POINT LOCATIONS OF COMPUTED STRESSES 


+ 
=< 


Ce le ee ee ee ee 


§ 


00000008 


7 


TORSION ONLY 


235. 019900 


-122. 418200 


122.418200 


-235.019900 


20. 464080 


20. 464080 


14. 911760 


14,911760 


-7.341170 


TORSION © ORLY 


“7.341170 


-14.911760 
-14,911760 
-20. 464080 


-20. 464080 


C-114 





COMBINED STRESS 


235.015900 


-122.419200 


122, 418200 


-235.019900 


COKBINED STRESS 


20. 464080 
20.464080 
14, 911760 
14. 911760 
“7.341170 
“1.341170 
-14,911760 
“14,911 760 
-20. 464080 


-20,.464080 




















DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAKINATION IS 12.6000 


ere ag 
SHY? = 0000 
SHYS.= 0000 
| : 0000 


‘SHI? 






, 0000 
"s 0000 
: 0000 
ANSTR = 0000 


a desi 


SHY3 = 


SHZ3 


uw 


BXZ 
BSY3 
8$73 


“ uw 1 


TORSION MOMENT = 40.0000 LOCATION = 12.6000 
PHI= .L16B5E+00 - PHIL= .99488E-02 PHI2= ~. 118 


TOR. SHR. WEB = 36.21.3790 
WARP. SHR. STR. AT 2 = 14,750400 
: 91437760 






<WARP. NOR. STR. AT | 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WEB = 36213730 
WARP. SHR. STR. AT 2 = 14250400 
= -91.437760 


WARP, NOR, STR, AT t 


TOR. SHR. FLANGE 


WARP, SHR. STR. AT 
WARP, NOR. STR. AT 


TOR. SHR. FLANGE 


WARP, SHR. STR. AT 
WARP, NOR. STR. AT 


97E-02 


3 
3 


Ce 


3 
3 


C~115 





00) 


«0000 
+0000 
+0000 


0000 
-0000 


PHI3= -.32743E-03 


35.656660 
10.383970 
47628510 


35.655660 
10.383970 
-47.628510 


HARP. SHR, STR. 


fhe 


4 


c 
“Se! 


12107 





NORMAL STRESSES (KSI) 





POINT WITHOUT TORSION TORSION == ONLY COMBINED STRESS nee 
i 000000 -91.437760 ~91.437760 
3 + 000000 47,628510 : 47628519 
5 , 000000 -47,628510 -47.628510 
7 000000 31.437760 91.437760 


SHEAR SYRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
2 000000 49..907050 49,907059 
ry 000000 -21.406260 -21.406260 
3 000000 - 46,040630 46.040630 
1 000000 -25.272690 ~ -25,272690 
4 000000 41325900 -41,.325900 
41 .000000 31. 101690 31.101690 
5 000000 -46,.040630 ~46,.040630 
$1 .000000 25.272690 25.272630 
7 6 000000 -43,907050 -49, 907050 
ue 61 .000000 1.406260 21406260 


POINT LOCATIONS OF COMPUTED STRESSES 


+ 
=< 





~~ 

~~ 
ee ey 

~“< 

~ 

< 

~< 

~ 

~< 


tl{en-sne2 4- 





be 0 0000 C-116 
6 7 


DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 42.0000 


SFY = 0000 
SHY2 = 0000 
SHY4 = “0000 
SH? = 0000 

BH = 0000 

BSY! = 0000 

“STL = 0000 

TR = 0000 





“SFL 


TORSION MOMENT = 40.0000 LOCATION = 12.6000 
PHI= .19976E+00 PHI1= .98739E-03 PHI2= . 18900E+08 


TOR. SHR. WES = 2.138084 
WARP. SHR. STR. AT 2 = -. 366860 
WARP. NOR. STR. AT 1 = 000145 


COMBINED TORSIONAL INDUCED STRESSES 


TOR. SHR. WES = 2.138084 
WARP. SHR. STR. AT 2 = -. 366860 
5 000145 


WARP. NOR. STR. AT 1 





TOR. SHR. FLANGE 
WARP. SHR. STR. AT 3 
WARP. NOR. STR. AT 3 


“a oe tb 


TOR, SHR. FLANGE 
WARP. SHR. STR. AT 3 
WARP. NOR. STR. AT 3 


-C-117 


0000 


0000 


. 0000 


0000 


“0000 


-0000 


PHI3= 


2.109191 
~. 267323 
«000076 


2.105193 
~. 267323 
- 000076 


WARP, SHR, STR. AT 4 HPSTE0S 


WARP, SHR. STR. AT 4 1331695 


NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
i 000000 000145 000145 
3 000000 ~.000076 006076 
5 000000 «000076 000076 
7 -000000 ~.000145 ~.000145 


SHEAR STRESSES (KS!) 


POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
2 000000 1.738931 1.73833! 
at 000000 -2, 472050 2.472050 
3 000000 1.897867 1.837867 
31 000000 2.372514 2.372514 
4 000000 2.006479 2.006472 
I 000000 2.269689 2.269683 
5 000000 1.837867 -} 837887 
51 000000 2.372514 2.372514 
§ + 900000 -1.738331 ~1.73833) 
61 000000 2.472050 2.472050 


POINT LOCATIONS OF COMPUTED STRESSES 


ese 





00000000 
6 7 C-118 





"TORSION" PROGRAM INPUT FILE 





Problem: 12 
Beam Selected: MC18x42 
End Conditions: Fixed-Free 


we wm me wwe ew ee ee ee ee ee eee ee ee 


"CHANNELS' = ='MC18x42' 
12.6 0.45 0.625 
18.0 3.95 0.877 
14.4 4.69 .16.42 


554.0 61.6 

1.23 29000.0 11200.0 

192.0 

3 

0.0 96.0 192.0 

0.0» “2.0%, 05.0 

~38.4 0.0 576.0 

“FIX=FRE* 

2 

9650-020; -=2.0 020° 0.0: “020-_0.0 
192.0 0.0 4.0 0.0 0.0 0.0 0.0 
6.0.0.0 0.0 

0.0 0.0 0.0 

0.4 96.0 

wie! 





|, AREAS 


Es 


QY2: 
Q22: 


LENGTH: 





INPUT DATA 


CHANNEL SECTION 


12.6000 


14.4000 
554.0000 


1.2300 
17,3896 
29000. 0000 
16.6854 
2.9510 


192.0000 


0000 
96.0000 


192.0000 


THH: 


SY: 
Si: 


CW: 
SH3: 
§: 


QY3: 
Q23: 


MC18X42 


4300 


4.6900 
61.6000 


852.2015 
13,5185 
11200.0000 


20,2256 
2.8182 


SECTIONS WHERE STRESSES ARE 10 BE CHECKED 


THF: 


SYS: . 


10: 


WN: 
SW4: 


‘ave: 


+6250 


16.4200 
3.9500 


21.987! 
6.7592 


37,2063 


C-120 


HN3: 


a a a a a TE a aT, | 
PROBLEM 12 


10,3739 





0 eee eee ee 





LEFT END FORCES 


FX: 0000 FY: -2.0000 Fl: +0000 
NY: -38. 4000 HY: 0000 M2: 576.0000 


1 SET OF APPLIED CONCENTRATED LOADS ARE AT 96.00 INCHES FROM LEFT END 


FX: +0000 FY: -2.0000 Fl: +0000 
MX: +0000 MY: +0000 Hl: -0000 


2 SET OF APPLIED CONCENTRATED LOADS ARE AT 192.00 INCHES FROM LEFT END 


Fi: 0000 FY: 4.0000 EL: 0000 
me 0000 WY: 0000 HL: 0000 


UNIFORM LOAD OX MEMBER IN Y-DIR 


WY: 0000 LAY: 0000 LBY: £0000 ” 


UNIFORM LOAD ON MEMBER IN 7-DIR 


Ws +0000 LAZ: + 0000 LBI: +0000 


UNIFORMLY DITRIBUTED TORSIONAL LOAD IS 


WY: - 4000 LX: 96.0000 


"MEMBER END CONDITIONS ARE FIX-FRE 


C~-121 








| DISTANCE-FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION 1S -0000 


| SFY = 2.0000 SEI = .0000 
SHY2 = -,0964 SHY3 = ~.1188 
ys _ SHY4 "= £2985 
| ot SHI2 = .0000 SH23 = 0000 
- BHY = .0000 BHT = -516.0000 
a _ SY! = 0000 BSY3 = 0000 
| ee BST = 9.3506 9S73 9.3506 
AYSTR = .0000 
UNIFORNLY DISTRIBUTED TORSIONAL MOKENT =  .40000000 ENDING AT 96.00000 FROM LEFT END 
| PHI: .00000E#00 PHIL= .00000E+00 PHI2:  .39802E-04 PHIG= -, 15598E-05 
TOR. SHR. WEB = .000000 TOR. SHR, FLANGE = 000000 
| a WARP, SHR. STR. AT 2 = 1.253714 WARP. SHR. STR. AT 3 = 6974622 WARP. SHR. STR. AT 4 ~.67582! 
WARP. NOR. STR. AT 1 = 25.378820 WARP. NOR. STR. AT 2= ‘11974170 
COMBINED TORSIONAL INDUCED STRESSES 
TOR. SHR. WEB = 000000 TOR. SHR. FLANGE = 000000 
WARP, SHR, STR. AT 2 = 1.259714 WARP, SHR, STR. AT 3 = 1974622 WARP, SHR. STR. AT 4 ~. 676821 
WARP, NOR. STR. AT 1 = : 11.974170 


25.378820 WARP. NOR. STR. AT 3 








NORMAL STRESSES (KSI) 


POINT 


SI 


6 


61 


WITHOUT TORSION 


9.350650 


9.350650 


9.350650 


-9.350650 


STRESSES (KSI) 


WITHOUT TORSION 


~,096378 
~,096378 
=. 116826 
~.116826 
29849! 
298491 
116826 
116826 
096378 


+ 096378 


TORSION © ONLY 


25.378820 
-11.974170 
11,974170 


-25.378820 


TORSION = ONLY 


1, 253714 
1.253714 
+ 974622 
974622 
~. 676821 
-. 676821 
~,974622 


+.974622 


“1.253714 ° 


-1.253714 


COMBINED STRESS 


- 34,729470 
-2,623524 
2.623524 


34. 729470 


COMBINED STRESS 


1, 157336 
1.157326 
857796 
857736 

-. 378330 
74378330 

| -, 857796 
857796 
-1, 157336 


“1.157336 





POINT LOCATIONS OF COMPUTED STRESSES 


+Y 


3 
x 


te te me ee he RD et te oe ee 
~< 
~~ 
~< 
~< 
— 
~< 


AXIXEXNIX 


t 

x 

Xt 

X 

l 

X 

j rf 
#]1(-s22--2e 4-f--- 

7} 

I 

t 

X 

X 

X 

t 
56 7 


C-123 











DISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION IS 






1.626927 TOR. SHR. FLANGE 
~.145151 WARP. SHR. STR. AT 3 
-4,755027 = WARP. NOR. STR. AT 3 


TOR. SHR. WEB 
WARP. SHR. STR. AT 2 
WARP. NOR. STR. AT 1 


COMBINED TORSIONAL INDUCED STRESSES 


1,62€527 TOR. SHR. FLANGE = 
~.145151 WARP. SHR. STR. AT 2 
-4,755027 WARP. NOR. STR. AT 3 


TOR. SHR. WEB 
WARP. SHR. STR. AT 2 
WARP. NOR. STR. AT f 


C-124 


PHI= .49015£-01 PHIt= .32272£-03 PHI2= ~.74974E-09 . 


96.0000 
SEY = 2.0000 SEL = 0000 
SHY? = ~,0964 SHY3 = 1168 
SHY4 = 2985 
SHI2 * 0000 sHI3 = 0000 
aN = 0000 aNZ = 768.0000 
BY! = 0000 BSY3 = 0000 
STI = 12.4675 S73 = 12.4675 
AYSTR = 0000 
UNIFORMLY DISTRIBUTED TORSIONAL KOMENT =  .40000000 ENDING AT 


2.209069 
-. 112839 
~2.243506 


2. 299085 
-. 1128393 
* -2,243506 


96.00000 FROK LEFT END 


" PHI3= 17989E-06 


WARP, SHR. STR. AY 4 


WARP, SHR. STR. AT 4 


078360 








oe : Saree cere oe 


NORMAL STRESSES (KSI) 


POINT WITHOUT TORSION 
1 $2,467530 
3 12. 467530 
k) ~12.467530 
7 ~12,467530 

SHEAR STRESSES (KS!) 

POINT WITHOUT TORSION 
2 ~. 096378 
aI ~. 096378 
3 ~. 116826 , 
31 ~, 116826 
4 «298491 
4f «298491 
x] «116826 
SI «116826 
6 + 096378 
6] «096378 


TORSION = ONLY 


4795027 


2.243506 


-2. 243506 


4.755027 


TORSION ONLY 


2.113914 


-2.404217 


2.146226 


-2.371904 


~1.548167 


1.704887 


-2. 146226 
2.371904 
2.413914 


2.404217 


POINT LOCATIONS OF COMPUTED STRESSES 


#1(222e---° 4- 


+ 
~< 


meee ee ee ee 


6 


AXXXXX 


190000000; 


7 


COMBINED STRESS 


7.712506 
14, 711040 
~14.711040 


7.712506 


COMBINED STRESS 


2.017536 
2, 500594 
2.029400 
-2,488731 
“1.249675 
2.003378 
-2.029400 
2.488731 
-2.017536 


2.500534 


C-125 


DISTANCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINATION IS 192.0000 


SFY = 4.0000 SFI = 0000 

SHY2 = -, 1928 , SHY3 = -,2337 
_ SHY4 = £5970 

SH22 = . 0000 SH23 = 0000 

= = — ,0000 guyz = —--1152.0000 

2 0000 BSY3 = .0000 

gSzl = 18.7013 . 8573 = 18.7013 
AXSTR = 0000 


UNIFORMLY DISTRIBUTED TORSIONAL MOMENT =  ,40000000 ENDING AT 96.00000 FROM LEFT END 


PHI= .62393E-01 PHIL= .66205E-04 PHI2= -.25325€-09 PHI3= .26904E-07 


TOR. SHR. WEB = 339679 YOR. SHR. FLANGE = 463438 
- WARP, SHR. STR, AT 2 = -,029777 WARP, SHR. STR, AT 3 = =,023148 © WARP. SHR. STR. AT 4 O16075 
WARP, NOR. STR. AT 1 = -,000161 WARP, NOR. STR. AT 3 = ~. 000076 
COMBINED TORSIQNAL INDUCED STRESSES 
TOR. SHR. WEB = .333679 TOR. SHR, FLANGE = 463438 
WARP. SHR, STR, AT 2 = -,029777 WARP. SHR, STR. AT 3 = ~,023148 WARP. SHR. STR. AT 4 016075 
WARP. , NOR. STR. AT 1 = ~,000161 WARP. NOR. STR. AT 3 = ~, 000076 







BY = 
| _ BSYI =~ 





A uate ape tte aA ge Ramer enone x aoe 
‘ apes topmiinsanis ipo 2 baton ma hae 


C-126 


pees aay es ST TENE NORE AANR Ren Oh RAE OME Mies ae ede ty ot 





NORMAL STRESSES (XSI) - 





POINT WITHOUT TORSION TORSION = ONLY COMBINED STRESS 
i os “18,701300 -. 000161 18.701140 

3 18, 701300 00007 18.701380 

5 -18.701300 ~,000076 -18.701380 

7 “18, 701300 00016! -18,701140 

_ SHEAR STRESSES (XSI) 

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS 
2 ~.192756 . 43366! 240905 

21 “1192756 ° 499215 ~,685971 
3 ~, 233653 440289 , 206636 

a1 -, 233653 -. 486586 -.720239 

4 596982 -. 317600 279283 

4l 596982 349750 946733 

5 233653 440283 ~ 206636 

51 4233653 486586 120233 

6 1192756 -. 433661 -, 240905 

6 192756 493215 685971 


POINT LOCATIONS OF COMPUTED STRESSES 


~~ Oo 

~< 

~ 

ip a el ee ee) 
— 


Ont ee tn he ee 


109009000; 


§ 7 C-127 





APPENDIX D 


GTSTRUDL INPUT/OUTPUT FILE PRINTOUTS 


Problem No. Beam Selected 
t W14x1¢. 
2 W14x11-9 
3 W12x7!. 
4 W1L4x¢. 
5 W8xi5 
6 W10x46 
7 W6x15 
8 W8x67 
9 C10x2c 

10 Clax*) 
11 C5x 
12 MClody 


End Conditions 


Fixed-Free 


Pinned-Fixed 


Pinned~Pinned 


Fixed-Fixed 


Fixed-Free 


Fixed-Free 


Fixed-Free 


Fixed-Free 


Fixed-Free 


Fixed-Free 


Fixed-free 


Fixed-Free 











"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 


Problem: 1 
Beam Selected: W14x109 
End Conditions: Fixed-Free 


Analyses tak a at 3 Locations: 


Locatior —: 0 inches 
Location 2: 210 inches 
Location 3: 300.‘inches 







——>> 
25 Kin |v 





- : PL, 0: Fiasge Tip 
- —- ere ea PL. is Fleage/Web Connection 
Poa ds Web (at Reutral kis) 











: Topyr tight ey cYace 
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eee GTS TRUDE ase 


RELEASE OATE VERSION MOD LEVEL COMPLETION NO. 
) % ais 2; = ae ee ee Ce Te Eg ee ae ae ee ae nt 
@eee ACTIVE UNITS + LENCTH WEICHY ANCLE TEMPERATURE TIME 





ee eee OEE css MEM oe Bee eee UN eT. tab ee CO cestcisettones 

UNETS KIPS INCHES 

JOINT COOROLNATES 

‘As 0 0 0 SUPPORT 

88s Sa 
TYPE SPACE FRAME 

MEMBER INCIDENCES 

tae Be : 

Searicet iy ge tereecereteesseeececnereeesensesccennsncctstnsssnssnscesencnscsmuanseseseeresnuasttet chaste SeapssusebdeadvedcSusstestusbeaeatack ap uialdogcetns detest connne ghar oat at anceeneae Oe cakt doe tata evade less Meare 
& 29000 

GC 11200 

MEMBER PROPERTIES TABLE ‘STEELWIS’ 

YT YASCE 10 





LOADING 1 
MEMBER LOAD 


1 PORCE Y G 
MEMOEN LOAD 
1 MOMENT X GLOBAL UNIFORM W .28 LA O LB 210 


MEMBER LOAD 
1 MOMENT X GLOBAL CONC &O L 210 








TIME FOR CONSISTENCY CHECKS FOR 1 MEMBERS Oo. '4 SECONDS 

TIME FOR BANDWIDTH REOUCTION 9.00 SECONDS 

TIME TO GCEWERATE 4 ELEMENT STIF. MATRICES ©.07 SECONDS “2 

YUME YE PROCESS Oe MEMBER LORS” aeRO ODY Bar's 77 Vr 9 Sa te deeceevenenesenentesenreacereanesaneaes: Menecaeenenneessereereene nn eeeeee eens se setts Tessas eee eMe mene enter tee eam ener EE TRE Heee: 
TIME TO ASSEMBLE THE STIFFNESS MATRIX 0.04 SECONDS 

Yime YO PROCESS 2 JOINTS o.01 SECONOS 

Yime 70 SOLVE With 1 PARTITIONS ©.0]3 SECONDS 

" @.00 
TIME YO PROCESS 1 ELEMENT DISTORTIONS 0.01 SECONDS 
TIME POR STATICS CHECK 0.01 SECONDS 


GQUTPUT BY MEMBER 
a ee PS RR RN ESATA ENR A tp PS Sh a aS 


LIST SOCYION STRESSES POSITION ALL MEMBER 1 SECTION NS 3 OS 210 300 


Sear eescoerecussesrrsaevsess . 
e a 
eeene evcese 








PROBLEM - WI4K109 TITLE + FIXEO-FREE 





INTERMAL MEMBER ARESULYS 


Se ee ’ 





MEMBER SECTION STRESS 








OTSTANCE a 
PROM Oe TRY RES Py YEN 


eee ee er er ny 









STRESS - 
he EHO TEE 







































0.000 a ©. COOODDOF ©. 90000008+00 0, O000000F+00 ©. 0000000£f+00 €.oceaes 6.0€33cs 
2 ©. co00000f 70. 334esese =O.1981887 ©, OO0T000E +00 6, O8RT3ES 6. OC9IES 
ESS OOOOOEV OS 0 0000000E S00 0 OOOO 0SOT TOO 0 OE OOOUDETOO OEP IES 6. O6935S 
‘ ©. ODOOODOE+00 ©. 0000000F +00 ©. 000COD0E+00 ©. COODDDOES00 -CLObSIES +6, 069365" 
$ ©. 00000008400 “Bisdeease 7O,19e1ce? ©, COOD000E+00 +f, 0f93e5 -6, 069355 
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“GTSTRUDL"INPUT/OUTPUT FILE PRINTOUT 


Problem: 2 
Beam Selected: W14x159 
End Conditions: Pinned-Fixed 


Analyses take: at 3 Locations: 


Location 1: OQ inches 
Locetion 2: 108 inches 
Location 3: 432 inches 
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Problem: 
Beam Selected: 
End Conditions: 
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W12x79 
Pinned-Pinned 


"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 


Analyses taken at 4 Locations: 


Location 
Location 
Location 
Location 
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inches 
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“GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 


Problem: 4 
Beam Selected: W14x90 
End Conditions: Fixed-Fixed 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
Location 2: 240 inches 
Location 3: 480-inches 
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 


Problem: 5 
Beam Selected: W8x15 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
Location 2: 18 inches 
Location 3: 60 inches 
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 





Problem: 6 
Beam Selected: W10x49 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location lL: 0 inches 
Location 2: 96 inches 
Location 3: 192 inches 









» 1 
el 
ods 


Flange Tip 
Flenge/Web Connection 
Wet (at Keetral kis} 





eeprietary te the Geergia Tech Ressarch Corperation 
RESTRICTED ASCHTS LECEND 


Use. duplication, of disclosure by the US Covernmont vs suujyect to == are a 
restrictions es set forth in subparagraph {Cf} {1} (Fld of tne Rights 
in Yeennical Data and Computer Software ciause at OFARS 252.227-7013. 


Wise ente SI Work containing Vatu 
secrets ewned uy tne Georgia tecn Research Corporation (CTAC). Noe access, 
use, transter, Guptication or disclosure tnereot may be mace except under 
@ ICENse agreement exacuted by CTRC or its authorized representativas and 
no rloht, titia or interest tnereta ts Canvayed of granted haruin notuitn- 
standing receipt of pessession noreot. Oacompiistion of thea object code 
4s strectly proninited. 












SOOO EET TT Cr erat ereeertrereeerersrrter Toit iter everett se tir ererv orev erer every tier itr eerertr errr seer er st Set tiie erste rer enerereres ete e eet eecereec teen eceeeeeeeee® Perec eet e eStore ee St Sere P eee Stet Cte te ert e terre ree tteveren tle Title t te er eer tare ect rreeerrec lor rcetirrsry) 


Ceorgrs Yeen Wosuatcn Corporation 
Ceorgia institute of Tecnnology 


at lenta, Cearnis 30332 U.S.A. 
Topyriant [cy CYRre 


ALL RIGHTS RESERVED. 
/SVS_ SAVETCTI _STRUNL -CVISTS IO! COB/IF_UsuUSEROAT.OS/IF_22CT! SYRUOL:CTISYS101.OS/NOOUMP/SIF JrOVTEMP. TMP/TEMPORARV/IF 41 CT! STRUOL MEL 
1.03/ 





Stave 
eoe CTS TAU OL PHe 
RELEASL BATE VERSION MOD LEVEL COMPLETION NO. 
T1O1VaXK 7 oi: Se Se ee ee 
eooe ACTIVE UNITS - LENGTH WEICHT ANGLE TEMPERATURE TIME 





\ASSUMEO | To st INCH PoUNO RADIAN FAHRENKE!LT SECOND 





UNITS KJPS” INCHES 

JOINT COOROINATES 

‘a’ 0 0 O SUPPORT 

CL eeSFSFSseFeeeeFeFee ee O00 €O OooOoOOOO—E OOO 
TYPE SPACE FAAME 

MEMBER INCTOENCES 

ad +e 





COMET RNY Ieee bos de ede Seeoodencciusnnwesasconcereredetvas ects Geusyashaved s¥8bitnereebsesaveevenunducsdanms \hoedtaebevdserbasenciniadesdhdesdaedsgeUeddeeeeegcecdcd cetatesered sence: Wy sesvelnsed edge duseeleds ote Lisedngsaedaededcens OoseHtaeave Gesered 
€ 29000 : 

G 11200 

MEMBER PROPERTIES TABLE "STEELW: 

TYxate 7 iw 1OKe 

LOAOTKS 1 


MEMBER LOAD 





1 FORCE V GLOBAL CONC P 4 tL 192 
MEMBER LOAD 
t MOMENT X CLOBSAL UNIFORM w .$ La 0 LB 9 





TIME FOR CONSISTENCY CHECKS POR 1 MEMBERS O.15 SECONDS 
TIM@ FOR BANOWIDTH REDUCTION 9.00 SECONDS 
Time TO CONERATE 1 ELEMENT SYIF. MAYRICES ° SECONDS 
YVME KO PACES S OT Meme eA CaaS rs €CONDS 
TIME TO ASSEMBLE THE STIFFNESS MATRIX SECONDS 
TIME 70 PROCESS 2 JOINTS SECONDS 
TIME TO SOLVE WITH 1 PARTITIONS o3 SECONDS 
W a b OOO SECONDS 
Time 70 PROCESS 1 ELEMENT OLSTORTIONS 0,01 SECONDS 
Time FOR STATICS CHECK ©.02 SECONDS 


OUTPUY BY MEMBER 
0 a a I EEA A A ET ER PS Ct TS EA EN SEANAD 


LIST SECTION STRESSES POSTTION ALL MEMBER 1 SECTION NS 3 0 96 192 


2 





Coeorecenreeteaeerenves 





wa shUSUCTS OF. CATES) ANALVSUS®: ee ep a ee 





PROBLEM - WIOXaD TITLE + FI KEO- FREE 





INTERNAL MEMBER AESULTS 


a a a 


ER SECTION STRESS 








OISTANCE 
PROMO EYER OOOO Ree TTT Ge 






© STRESS 





kK wcatera “ys EWOTHE” 


MEMBER t 


















0,000 : 0. GOOOOO0E+00 © .00000008+00 hy QO00000Es00 9. 80000008406 -10,.58085 +O. Sagas 
©.000000GE*06 O.29219St 17239304 © OCODD00E +60 “10. Bagas “10.5 09@5 
Soe ———} 0. COG00COE+60 3, OOOO00bE +00 —EESSSOETOT oS OESS SBE SOO TTS ETT “Té. Sagat OOOO 
4 0. COODOCOE+00 ©, C0O0DCODE+00 @, 0000000E 700 ©, COCOGOOE*+00 10.54845 1O. 5494s 
$s 09. OOOODOOE+O0 O.2971SSE O.:7T2IIS8* ©. OSD0000E*00 10.54945 
Pho ‘ 0. 9000000F+00 ©, o000000E FOC ©. 00000008206 ©. COOOCCOE +00 10.54945 
a a ak a ee DOGG OOOOOOE SOO OV ESSETET OF GOOOOTOES OO GOO D00d ES 00° SG LODOOOOGE S60 
96.000 t © 0000000F+00 goon Soccer ane ©. 00000008409 ©. 0000000E +00 -T.e32ecs 
2 ©. 00OBOO0E +00 7971956 O.1727sRoa © _OCOOSDOE+O0 
as 3 © OUOO0COE*O0 = y COOSOSOT SOG GS SOCSTCOT G0 COO OTE PV OU 
; 0 ADAaODOE SOO rm aAnenses ene 6 paananarenn ronan 








132,000 


auUNne 


0. COO0D00E*00 


©. O900000E*00 
©. OGCOCOOO0E*00 
@. CODODO0E*SO0 
0. 9000000F +00 


©.63983947 


O.9000000E*00 
O.seazgii 

©. 9000000F 200 
@, COCOD00E +00 


, “87 OO000b5E TOO Oo. beast GO. 2459608 


wrerguee 





0. 0000000E*00 
©, CODOOOOE*+00 


©. 9000000E+00 
1.279789 


0. 0000C00E+O0 


O@.90000¢ OOE+00 
O.3458802 

@, CCO0OCOE+OO 
0. 0090000F+00 


©. 990000008+00 
©, 0000000F +400 


Oo. OO00OCSE £00 


©. 0000000E +00 
©. 0000000EF +00 
©. QO00000E +00 
9. 0000000F +00 
0. 0000000E=00 
©, 0000000E +00 
©. COOOOCODDE* O00 


©. COODCOCE+00 





©. 0000000£ +00 























©, 90000006290 ©. 0000000f 290 > 
©, 00009008 +00 ©. 00009008 40K 
©, OOOCODOE+00 ©. 0000000F+09 
©, 0000000E +00 0. 0000000€+00 
C7, COC OOGCE + OG ©, OOOCOOOE +00 
©, CODO000E +00 ©. OC000000F+00 
©, 0000000E+00 © .9000000£+00 



































"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 


Problem: 7 
Beam Selected: W6x15 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
Location 2: 12.6 inches 
Location 3: 42 inches 
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 


Problem: 8 
Beam Selected: W8x67 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
Location 2: 32.4 inches 
Location 3: 108 inches 
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. "GTSTRUOL" INPUT/OUTPUT FILE PRINTOUT 


a te eee re pe mn 


Problem: 9 
Beam Selected: C10x20 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
Location 2: 18 inches 
Location 3: 60 inches 





FL, f: Flange Tip 

Pt. 1: Flange (at Keetral Axis] 
FL. 2: Flange/Web Connection 
tod: Web (at Shear Center] 
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 


Problem: 10 
Beam Selected: (12x30 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location 1: 0 inches 
Location 2: 32.4 inches 
Location 3: 108 inches 





Pt. 0: Flange Tip 

Pea 1: Stange (at Neutral Axis] 
Pt. 2: Flange/Web Connection 
PL. 3: Web (at Shear Center} 





. D-30 
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 


Problem: 11 
Beam Selected: C5x9 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 


Location 1: 0 inches 

Location 2: 12.6 inches 

Location 3: 42. inches 
paw 









Flange Tis 

Flange (at Neulral Axis! 
Flange/heb Connection 
Web (at Sheer Center} 
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT 


Problem: 12 
Beam Selected: MC18x42 
End Conditions: Fixed-Free 


Analyses taken at 3 Locations: 
Location 1: 0 inches 


Location 2: 96 inches 
Location 3: 192 inches 
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